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ABSTRACT 
Two different experiments were conducted to investigate soil infiltration and wetland 
removal efficiency of ammonium-N, nitrate-N, and total phosphorus from liquid swine 
manure. Field experiments were conducted during the summers of 1998 and 1999. 
Experimental treatments applied directly to the soil infiltration areas included a full rate 
application of liquid swine manure, a mixture of% manure and V.. water, and a control 
application of water without swine manure.· These treatments were applied to nine sets of 
soil infiltration areas. The effluent from the infiltration areas was applied to nine 
corresponding wetlands. Nutrient concentrations in the soil infiltration influent, soil 
infiltration effluent, and wetland effluent were monitored on a weekly basis. Soil nutrient 
concentrations and bacterial levels were also monitored on a somewhat limited basis. 
Approximately 93% of the NH.i-N in the swine manure was retained by the soil 
infiltration areas. The N03-N in the soil infiltration areas was increased by an average of 
99%. The wetland systems further removed 95% and 94% of the NH.i-N and N03-N, 
respectively, from the infiltration effluent. Total phosphorus removal was 89% in the soil 
infiltration areas and 84% in the wetland areas. Overall, this study indicates that soil 
infiltration and wetlands systems have the potential to ease environmental pollution problems 
originating from the excessive production of animal wastes. 
A second experiment, a laboratory study, was conducted to determine the 
effectiveness of the treatment of liquid swine manure through soil infiltration, also known as 
land treatment. This experiment was performed in conjunction with the larger-scale soil 
infiltration area and wetland study. Fifteen soil columns were assembled, and were divided 
into five treatments. These treatments consisted of liquid swine manure applications and 
v 
water applications administered to the soil columns at different time intervals. These time 
intervals were designed to mimic actual field situations. NI-4-N, N03-N, total P, and 
bacterial levels in the influents and effluents were monitored prior to and after each 
application. 
Results indicate that 99% of the ammonium-N from the manure application was 
reduced. Nitrate-N levels were increased in the effluent from the soil columns by an average 
of 71 %. Effluent total P levels were reduced by 99% when compared with influent levels. 
These results verify the hypothesis that soil infiltration areas do work as a mechanism for 
waste treatment. Long-term results in such a system have not been assessed in this 
experiment, however, the positive results given by such a system necessitate further studies, 
including those performed in conjunction with wetland systems. 
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CHAPTER 1. GENERAL INFORMATION 
Introduction 
Much concern over the past century has been centered on the disposal of animal 
manure from animal production facilities and the environmental consequences of such 
practices. Historically, animal manure has been applied to croplands to meet the nutrient 
needs for the plants, and has also been directed into wetlands or surface water bodies. 
Today, much concern is centered on large-scale animal production facilities and the 
management of the huge volume of waste that is produced. It is not always feasible to apply 
these amounts of manure to nearby cropland. The surplus manure must ultimately be 
transported, often over long distances. Agronomic cropping goals recommend applications 
of between 0-125 kg/ha (0-110 lb/acre) of P20s and 0-225 kg/ha (0-200 lb/acre) of nitrogen 
based on soil test recommendations (Iowa State University Extension, March 1999 and Iowa 
State University Extension, May 1997). These goals often leave much manure to be disposed 
of in alternative ways. 
New treatment systems must be developed and implemented in order to remediate 
excessive manure production. The environment is also at stake when manure is misapplied. 
Drinking water quality concerns have caused anxiety for many, especially the elderly and 
infants. The source of much of this concern is methemoglobinemia, or blue-baby syndrome, 
due to elevated nitrate levels in drinking water supplies. Any excessive nutrients in the 
drinking water supply are a cause for alarm. 
The objective for this study was to develop a manure management system different 
from those currently in use today, which generally are centered on land-based applications. 
The goal is to develop a cheap, yet effective system that is not very space consuming. Of 
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particular concern is the protection of the ground and surface waters surrounding the system. 
Special emphasis is placed on nitrate and phosphorus dynamics in the soil-water system. 
Stringent effluent goals for similar systems have been set at 0.02 mg/L for ammonia for 
freshwater aquatic life, 10 mg/L nitrate-nitrogen for domestic water supply, and 0.10 µg/L 
for elemental phosphorus for marine and estuarine waters (US EPA, July 1976). 
A system was devised that consisted of a direct manure application to land, which 
allowed the liquid manure to infiltrate through the soil profile. This effluent was then applied 
to a constructed wetland for further biological treatment. The system met the objective. A 
simple study was also performed to determine the effectiveness of land only treatment. 
Thesis Organization 
The information presented in this thesis is arranged into four chapters. The first 
chapter consists of an introduction and literature review. The literature review is divided 
into a review of constructed wetlands used for waste treatment and a review of land and soil 
treatment processes used for waste management. Chapter 2 focuses on research conducted 
during the summers of 1998 and 1999, which consisted of the treatment of liquid swine 
manure through soil infiltration and constructed wetland areas. Chapter 3 includes research 
performed on a laboratory project. This project involved soil columns that were used for 
waste treatment, with a goal of adding further to the research performed in Chapter 2. 
Chapters 2 and 3 are organized into a paper format sufficient to be submitted to Applied 
Engineering in Agriculture for publication. General conclusions are located in Chapter 4. 
Introduction 
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Literature Review 
Constructed Wetlands/or Waste Treatment 
Wetlands traditionally have been viewed as beneficial and productive landscapes by 
the scientific community and by hunters, fishers, and nature-lovers. Wetlands, however, are 
problem areas for many scientists. The problem lies in wetland identification, classification, 
and delineation, because wetlands are transition zones between terrestrial and aquatic 
environments (Brix, 1994). Wetlands have also been negatively referred to as "wastelands" 
because of the difficulties associated with travelling through them and because of the often 
presumed little "good" that comes from such a landscape. Within the past century, wetlands 
have been praised for their benefits including aesthetics, recreation, flood prevention, 
waterfowl breeding grounds, and waste management and treatment. It is this last fact that 
has drawn the most attention recently, and has been the focus of many studies. This section 
of the literature review will focus on wetland use for wastewater treatment and will detail the 
types and designs of these wetlands. Treatment processes will be discussed, along with the 
results of many case studies. 
Past use of wetlands as waste treatment systems dates back to ancient Chinese and 
Egyptian cultures (Brix, 1994). Historically, wetlands and water bodies have been used for 
wastewater treatment and water quality improvement. Humans have commonly dumped 
their waste into low-lying areas, which for the most part, contain water. Other past studies 
dating back from 1904 in Australia found that waste enriched the soil and removed bacteria 
and heavy metals (Brix, 1994). Wetlands, for these and other reasons, are currently being 
researched by many universities, governmental agencies, and private organizations. 
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Currently, approximately six percent of the world's total land surface is wetlands. 
Few of these wetlands have remained as virgin. In Iowa alone, between 1780 and the mid-
1980s, about 89% of the natural wetlands were destroyed (Mitsch and Gosselink, 1993). 
Kadlec (1995c) lists the basic types of wetlands commonly found today and gives some of 
the applications for wastewater management. These applications are geared more towards 
constructed wetlands, as many legal restrictions are placed on natural wetlands. Table 1.1 
reviews this information (Kadlec, 1995c ). 
Table 1.1. Types and Applications of Wetlands (Kadlec, 1995c). 
TYPES OF WETLANDS APPLICATIONS 
Natural 
Marshes, swamps, and bogs 
Constructed 
A. Surface flow (marsh) 
Densely vegetated 
Pond and island 
Submerged aquatic bed 
Floating leaved 
B. Subsurface flow 
Gravel bed 
Soil based 
Municipal waste water 
Mine drainage 
Urban stormwater 
Rivers, lakes, & reservoirs 
Agricultural runoff 
Livestock runoff 
Industrial 
Leachate 
Sludge drying 
Only limited amounts of research have been performed using natural wetlands for 
waste treatment. Most studies focus on constructed wetlands. This paragraph and the 
following three paragraphs briefly cover several natural wetland treatment systems that have 
been used for the treatment of wastes. In Orange County, Florida, an experimental natural 
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wetlands treatment system was established in the North Wide Cypress Swamp as a part of an 
integrated reuse program, which mixed landfill leachate with stormwater (Hantzsche, 1985). 
Northern areas in Canada and the United States, particularly in Wisconsin, have seen 
improved water quality when using marshes for waste treatment. These results include a 
>50% nitrate removal, and a somewhat more limited phosphorus removal. Marshes such as 
these do show seasonal fluctuations in the ability to treat wastes and in removal efficiencies 
(Hantzsche, 1985). 
Some peatlands near Michigan have been studied for their ability to treat wastewaters 
(Hantzsche, 1985). These peatlands have a high nutrient adsorption capacity because of the 
high organic matter in the soil and the consequential escalated cation exchange capacity. 
Slow subsurface water movement has also been documented, providing for long retention 
times. High denitrification rates have been reported, along with significant plant nutrient 
uptake. 
Southern marshes and hardwood swamps in Florida have been reported to remove 
90% of the total nitrogen and phosphorus that has entered the wetland. Tidal marshes have 
also been studied for waste treatment capabilities, but extreme variability in the environment 
and complex ecosystem components cause difficulty in studies. The actual treatment 
capacity of these wetlands is still unknown (Hantzsche, 1985). 
Brix (1994) differentiates between constructed wetlands and created wetlands by 
mentioning that constructed wetlands are those that are intentionally created from 
nonwetland sites for the sole purpose of wastewater or stormwater treatment. Created 
wetlands are intentionally created from nonwetland sites for the purpose of producing or 
replacing natural habitat (Brix, 1994). Many constructed wetlands are currently in use for 
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the purpose of wastewater treatment only. Studies have suggested that constructed wetlands 
can perform better than natural/native wetlands. In fact, Whigham (1995) mentions that 
natural aquatic systems are not very effective in the treatment of animal wastes and that 
many engineered systems that use constructed wetlands have been developed for the purpose 
of waste treatment. van der Valk and Jolly (1992) also concede that restored or created 
wetlands should be used for the purpose of rural nonpoint source (NPS) pollution reductions, 
as opposed to natural wetlands. Some reasons that natural wetlands have a disadvantage over 
created wetlands are that natural wetlands are highly dynamic and are not static, whereas 
created wetlands can be controlled to an extent. Natural wetlands are hydrologically 
controlled, and therefore vary significantly both yearly and seasonally (Gutenspergen and 
Stearns, 1985). 
Some natural wetlands are used for the purpose of waste treatment, but the majority 
of wetlands used for this purpose are constructed. Kadlec (1995a) gives a list of some of the 
.current wetland uses and the scope to which they are being used in Table 1.2. 
Types of Constructed Wetlands 
Constructed wetland classification is often somewhat confusing. No definitive terms 
have been developed and standardized to encompass all types of wetlands. Constructed 
wetlands are usually classified on the basis of surface versus subsurface flow wetlands. 
Surface flow wetlands are commonly vegetated basins in suitable growth media with shallow 
water usually present. Subsurface flow wetlands usually consist of a bed of substrate that 
supports vegetation. Kadlec (1995a) theorizes that surface flow wetlands are the most 
commonly constructed wetland because they promote waterfowl and are aesthetically 
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pleasing. Hiley (1995) notes that many subsurface flow wetlands fail to achieve design 
performance. Brix (1993) gives another classification scheme and includes some examples. 
1. Free-Floating Macrophyte-Based Systems. These systems include water hyacinth-based 
systems and duckweed-based systems. 
2. Emergent Aquatic Macrophyte-Based Systems. These systems include wetlands with 
surface flow, horizontal subsurface flow, or vertical subsurface flow. 
3. Submerged Macrophyte-Based Systems. 
4. Multistage Macrophyte-Based Treatment Systems. These systems include a combination 
or some component thereof. 
Table 1.2. Current uses and applications for wetlands today (Kadlec , 1995a). 
APPLICATION SCOPE 
Municipal Wastewater Treatment 
Mine Drainage 
Urban Stormwater 
Rivers, Lakes & Reservoirs 
Agricultural Runoff 
Livestock Wastewater 
Industrial 
Food Processing 
Petroleum 
Chemical 
Landfill Leachate 
Sludge Drying 
Advanced Secondary - Post tertiary 
Single Families - 200,000 PE 
Coal, Copper 
In conjunction with Detention 
In-line and Recycle 
Field Scale to Watershed Scale 
Feedlots, Dairies, Piggeries 
Potatoes, Sugar, Eggs, Seafood Abbatoirs 
Produced Water, Refinery Effluent 
Pulp and Paper, Textiles 
Municipal Landfills, Remediation 
Municipal 
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Design of Constructed Wetlands 
A common design strategy for constructed wetlands is often debated. Many designs 
incorporate plug-flow kinetics. Reed et al. (1988), cited in Brix (1994), gives a simplistic 
version of the model that incorporates plug flow kinetics with the water mass balance, given 
here with modifications. 
Cout = Cin exp[-k/HLR] 
Where: 
So: 
Cout = outlet pollutant concentration 
Cn = inlet pollutant concentration 
k =first-order rate constant (m/year) 
HLR =hydraulic loading rate (m/year) 
k = HLR(ln Cin -ln Cout) 
This equation works well for the determination of biochemical oxygen demand 
(BOD) and phosphorus, but not as well for nitrogen (Brix, 1994). Kadlec (1995a) stresses 
that plug flow is not a good assumption, however, neither is complete mixing. Plug flow 
may lead to uneven flow distributions and reduced treatment efficiencies. Kadlec (1995a) 
states that wetlands often behave in about three well-mixed units, in a series. Wetzel (1993) 
concedes that performance based on first-order, plug-flow kinetics can not be applied to 
natural wetlands, and may not work for constructed wetlands. Even so, many different 
design variations and interpretations have been formed around the plug-flow notion. Of 
course, all situations are unique, and factors may differ, necessitating different versions of the 
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equations. Some of these site differences include climate, size of the wetland, actual wetland 
design, loading rates, plant species, and type or composition of the wetland (Brix, 1994 ). 
Different design objectives lead to various management issues. Tchobanoglous 
(1993) lists several of these as vector (pest) control, vegetation control and management, 
wildlife habitat management, water quality management, regulatory requirements, hydraulic 
controls, structural integrity, water quality structures, education, and recreation. When 
considering these issues, it is necessary to define operating goals, a basis for problem 
identification, causative factors, appropriate management strategies, lead time, and methods 
needed to evaluate the effectiveness of the control (Tchobanoglous, 1993). Mitsch and 
Gosselink (1993) give a list to aid in the determination of a site for a constructed wetland. 
1. Find a site with previously existing wetlands or current wetlands. 
2. Account for surrounding land uses. 
3. Perform a detailed hydrologic study. 
4. Choose a site with frequent natural inundation. 
5. Check for "good" soils (low permeability). 
6. Determine quality of water flows into the wetland. 
7. Evaluate on-site and nearby seed banks. 
8. Check to find easily accessible seed, plant stocks, etc. 
9. Determine present and surrounding land ownership. 
10. Determine if site is along migratory flyways, etc. for wildlife. 
11. Assess site access. 
12. Ensure adequate amount ofland is available (due to filling in of wetland). 
13. Evaluate the position of the wetland in the landscape. 
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These factors are critical in determining an area for a constructed wetland. Other 
factors that need to be considered are the actual design parameters and the treatment goals of 
each wetland. In Table 1.3, Wood gives some of these criteria. This table provides 
important criteria that can be adapted to fit most any wetland. 
Table 1.3. Process design criteria for constructed wetlands (Wood (1995), cited from Reed 
(1992) and Knight (1992)). 
FACTOR TYPICAL FWS TYPICAL VSB 
Detention time, d 5-14 2-7 
Max BOD loading rate, kg/ha/d 80 75 
Water or Substrate Depth, m 0.1-0.5 0.01-1.0 
Hydraulic loading rate, mm/d 7-60 2-30 
Area Requirement, ha/m3/d 0.002-0.014 0.001-0.007 
Aspect Ratio 1 tow 2:1to10:1 0.25:1 to 5:1 
Mosquito Control Required Not required 
Harvest Frequency, yr 3-5 3-5 
FWS =Free Water Surface, VSB =Vegetated Submerged Bed 
Area requirements are to be based on design flow rate, type of waste to be treated, 
concentration of the waste in the wastewater, and pollutant discharge requirements (Witthar, 
1993). A goal to strive for is a large length to width ratio to ensure that no short-circuiting 
occurs. Requirements may be mandated regionally, and/or Environmental Protection Agency 
(EPA) regulations should be followed. Examples of discharge requirements are given for 
many different wetlands. In Table 1.4, Hammer (1994) lists the advanced discharge 
requirements for the treatment of livestock wastewaters, after primary treatment with 
lagoons. 
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Table 1.4. Advanced discharge standards (Hammer, 1994). 
FACTOR STANDARD 
BOD and TSS 
Dissolved Oxygen 
TKN orNH3-N 
NH3-N 
P04-P 
Hydraulic Loading 
Retention Time 
Fecal Coliforms 
pH 
<70 kg/ha/d, <20 mg!L 
>4 mg!L 
<3 kg/ha/d 
<4mg!L 
<0.2 kg/ha/d, <1 mg!L 
<500 m3/ha/d 
>10 days 
< 100 CFU/100 mL 
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The number and shape of wetland cells are dependent on many of the parameters listed 
above, including topography, amount of waste to be treated, land availability, and monetary 
availability. The average wastewater retention time can vary anywhere from 0.25 days to 75 
days, with an average of 5 days. Wile et al. ( 1985) proposes a detention time of 7 days. 
Steiner et al. (1993) mentions that there may be a need to control water levels, accomplished 
through pumping water. Berms may be necessary to retain this water. These berms are 
usually constructed so that they rise up about 15 cm above the existing ground surface. 
The ability to nitrify the waste prior to wetland treatment is desirable. This can be 
accomplished by oxygenation or by removing suspended solids in some fashion, through the 
use of filtration or soil infiltration areas, etc. This pretreatment may be necessary to remove 
and/or reduce BOD, suspended solids, and phosphorus. Pretreatment may also involve 
coarse screening or the use of a continuous alum feed to flocculate and settle particles. 
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No "best" substrate has been defined for constructed wetlands. Steiner et al. (1993) 
mentions that washed gravel has often been used as a substrate. Witthar (1993) lists several 
substrate options including topsoil, natural wetland soil, acid wetland soil, clay, mine spoil, 
pea gravel, coal, mushroom compost, peat, and crushed limestone. Specialized substrates 
may be used for the adsorption of excess phosphorus. Geohring et al. ( 1995) found that 
woolastonite tailings (calcium metasilicate and ferrous metasilicate) perform best, when 
compared to garnet (ferrous metasilicate), iron ore tailings, and paper mill waste. Liners are 
also often placed beneath the substrate to prevent leakage. These can be made of a synthetic 
material, clay, or other similar material. 
Wetland Plants 
Many different plants have been used for the treatment of wastes. Steiner et al. 
(1993) stresses that most wetland plants require at least six hours of full sunlight. Witthar 
(1993) mentions that algae and bacteria have been found to increase the precipitation of iron, 
manganese, and other metals. These organisms also promote oxidation and reduction 
reactions and are often attached to root systems, acting as attached growth filters. Sphagnum 
moss has been used experimentally, and has been found to remove metals, but increases the 
pH of wastewater streams. These mosses are susceptible to toxic amounts of iron and 
acidity, sediment loads, climate, water chemistry, depth, and flow changes. When using this 
kind of flora, it is pertinent to remember that more maintenance equals more cost. 
Witthar (1993) also mentioned that cattails (Typha sp.) can survive in many 
environmental conditions, especially in acid or brackish waters, or in waters that have iron 
concentrations up to 100 mg/L. Cattails can assist in the oxidization of iron by the transport 
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of oxygen to the root zone. Bulrushes (Scirpus) and rushes (Juncus) are both easy to grow 
and survive in wide range of environmental conditions. Rushes transplant well, which is a 
necessary feature for constructed wetland plants. 
In several studies from southeastern sites compiled by Surrency (1993), the best 
aquatic plants used in the treatment of dairy, swine, and municipal waste were given as: giant 
bulrush (Scirpus californicus and Scirpus validus), giant cutgrass (Zizaniopsis miliacea), 
Halifax maidencane (Panicum hemitomon), pickerelweed (Pontederia cordata), arrowhead 
(Sagittaria lancifolia), and cattail (Typha latifolia). Some of these species have often been 
encouraged in constructed wetlands because of the aesthetic value of the plant. 
Most plants used for constructed wetlands are wetland plants, but not all are native to 
the particular areas. Thomas et al. (1995) lists several of the more common plants: 
Floating plants: 
1. Eichhornia crassipes (Water Hyacinth) 
2. Spirodela (Duckweed) 
3. Salvinia molesta (Salvinia) 
4. Hydrodotyle umbellata (Pennywort) 
Emergent plants: 
1. Schoenoplectus validus (Great Bulrush) 
2. Juncus ingens (Giant Rush) 
3. Phragmites (Common Reed) 
4. Typha spp. (Cumbungi or Cattail) 
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Plants provide many benefits to constructed wetlands in the treatment of wastewaters. 
Plants in constructed wetlands offer many benefits when compared with open water wetlands 
or to soil treatment/infiltration areas. Wood (1995) lists several of these benefits as follows: 
1. Aesthetics. Plants in a constructed wetland are construed as "better-looking" than just 
soil or gravel filters. 
2. Odor control. Plants and their corresponding litter layer commonly act as a biofilter for 
odors. 
3. Wastewater Treatment. Waste is treated through both aerobic and anaerobic processes. 
Plants remove suspended solids from the water flow. Kadlec (1995a) states that the 
suspended solids settle and are trapped within tens of meters. 
4. Insect control. Wetland plants limit the amount of insects that prefer open water. 
Mosquitoes or other insects may be controlled with physical, chemical, or biological 
means (Wile et al., 1985). 
Constructed wetlands often attempt to create a monoculture of one type of plant species. 
While this may occur in nature, it is actually quite rare (Wetzel, 1993). Fluctuation in the 
dominant plant species occurs yearly, many times mimicking a monoculture-type 
environment. During the next several years, however, this dominant plant species will 
usually change, in most natural systems. The amount of area that a plant species covers in 
the wetland will vary as well. For example, the state of Florida recommends that <70% of 
the wetland be open water (Mitsch and Gosselink, 1993). 
Wetland plants are usually quite hardy. Of course, climatic conditions can adversely 
affect plants, both yearly and seasonally. Mitsch and Gosselink (1993) have found that plant 
harvesting does not result in more nutrient removal from the system, unless plants are 
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harvested/cut several times during the growing season. It is therefore usually more 
beneficial, and definitely cheaper and easier, to avoid harvest. This may not always be 
possible, however. 
Treatment Effects 
Plants conduct gases to and from the sediments through their gas exchange 
mechanisms. Oxygenation, however, is achieved only in a small area surrounding the root 
(Wetzel, 1993). These aerobic zones support some bacteria. Most of the wetland remains 
anaerobic, and can support only anaerobic bacteria. According to Wetzel (1993), microbiota 
and their metabolism almost solely regulate wetlands. Hatano et al. (1993) states that plants 
significantly affect the microbial populations of constructed wetlands. Bacteria dominate in 
wetlands, with actinomycetes often present. Actinomycetes offer a wide range of enzymatic 
activities. Fungal populations are usually quite small, and function similarly to the 
actinomycetes (Hatano et al., 1993). Harmful organisms are also found in treatment 
wetlands. These kinds of bacteria include Salmonella spp., Campylobacter fetus, Shigella 
spp., and Leptospira spp. The highly publicized fecal coliform bacteria are also potentially 
harmful bacteria. Potentially dangerous viruses include the hepatitis A virus, rotavirus, and 
enteroviruses. 
Plants store carbon and other nutrients, but individual nutrient contents of the tissue 
of plants varies. Large amounts of carbon are also created by plants, of which the breakdown 
of the organic carbon competes with any breakdown by bacteria of additional organic 
material added through attempts at waste treatment. Microorganisms need carbon for the 
denitrification process. Carbon can be the source of energy for bacteria, can accwnulate in 
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the sediments, or can be transported to other ecosystems (Gutenspergen and Stearns, 1985). 
Brix lists in Table 1.5 many of the treatment effects that plants provide in constructed 
wetland treatment systems. 
After studying this table, it is necessary to have an understanding of the native or 
natural conditions in wetlands in order to determine the removal efficiencies. Kadlec (1995a) 
reports background levels of BOD around 5-15 mg/Land levels of COD about 30-100 mg/L. 
Table 1.5. Removal mechanisms in macrophyte-based wastewater treatment systems 
(Brix, 1993). 
WASTEWATER REMOVAL MECHANISMS 
CONSTITUENT 
Suspended Solids 
BOD 
Nitrogen 
Phosphorus 
Pathogens 
-Sedimentation/filtration 
-Microbial degradation 
-Sedimentation (accumulation of organic matter/sludge on 
the sediment surface 
-Ammonification followed by microbial nitrification and 
denitrification 
-Plant uptake 
-Ammonia volatilization 
-Soil sorption (adsorption-precipitation reactions with 
aluminum, iron, calcium, and clay minerals in the soil) 
-Plant uptake 
-(Phosphine production) 
-Sedimentation/filtration 
-Natural die-off 
-UV radiation 
-Excretion of antibiotics from roots of macrophytes 
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Fecal coliforms are often as high as 50-1000 colony forming units per 100 mL (Kadlec, 
1995a). 
When considering nutrient removal in wetlands, Hiley (1995) states that the bacteria 
that oxidize ammonia (to form nitrate, which can then be denitrified) do not compete well 
with bacteria that oxidize BOD. In fact, 4.3 grams of oxygen are necessary to convert one 
gram of ammonia to nitrate, compared to only one gram of oxygen needed to oxidize one 
gram of BOD. Since wetlands are usually anaerobic, this helps to enforce the principle that 
for better treatment efficiency, a pre-treatment to remove excessive BOD is quite beneficial. 
BOD oxidation is quite complex and includes the following chemical and biochemical 
processes: aerobic respiration; fermentation; anaerobic reduction of nitrate, manganese, and 
iron; and methanogenesis. (Kadlec, 1995a). 
Whigham (1995) summarizes many of the functions of wetlands that are constructed 
for the purpose of waste management. These functions give some insight as to why wetlands 
are chosen for waste treatment and management over other more expensive systems. 
1. Wetlands function as effective transformers of nitrogen (N) and phosphorus (P). 
2. Wetlands maintain biogeochemical processes that are responsible for transforming and 
releasing significant quantities of dinitrogen. 
3. Phosphorus is either adsorbed onto amorphous aluminum and iron in soil, stored in peat, or 
is taken up by microbes and plants in small quantities and recycled annually. 
4. Wetland types differ in terms of the magnitude and form ofN and P released to output 
waters. 
5. N and P retention by wetlands varies among seasons, and each element has to be analyzed 
separately in terms of seasonal and annual retention patterns. 
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6. Wetlands can function as either sinks or sources for N and P, depending on wetland type, 
level of N and P loading into the wetland, the season, and whether or not the ecosystem is 
aggrading. Wetlands do not retain P as efficiently as terrestrial ecosystems. 
Figure 1.1 shows the Nitrogen Cycle. Nitrogen can enter wetlands either through 
atmospheric deposition or by surface and sub-surface hydrologic inputs (Whigham, 1995). 
Organic nitrogen can be transformed into the ammonium ion (Nlli) during the 
ammonification process. These ions can be absorbed by plants or can be converted to nitrate 
through nitrification. As discussed before, this is a limiting step in the nitrogen cycle in 
many wetlands because of the necessity for oxygen. The nitrate can then be anaerobically 
converted to nitrous oxide (N20), nitrogenous gases, or molecular oxygen (02) (Mitsch and 
Gosselink, 1993). Hiley (1995) states that constructed wetlands commonly have a 40-70% 
removal efficiency of nitrogen. 
Air 
Water 
Anaerobic 
Soil Layer 
NH3 
• I 
I 
fixation 
volatilization 'f 
• I 
Figure 1.1 . Nitrogen cycling in wetlands. SON=soluable organic nitrogen. (From 
Whigham, 1995 and Mitsch and Gosselink, 1993). 
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The Phosphorus Cycle is depicted in Figure 1.2. Phosphorus is removed from the 
wastewater, but accumulates in the sediments and biomass, and is often sorbed to the soil. 
Kadlec (1995b) found that the removal of phosphorus to new soils is proportional to the 
concentration in surface waters and to the surface area of the wetted soils. It has also been 
discovered that phosphorus removal does not slow down to a great extent in the winter 
months (Kadlec, 1995c ). This contradicts that idea that wetlands do not "work" in that 
winter, which many researchers believe to be true. In a unique study conducted by Yin and 
Shen (1995), it was found that winter operation of wetlands is possible. Several other studies 
that have been conducted during cold winter months also validate these findings (Kadlec and 
Knight, 1996). 
Air 
Water 
Aerobic 
Soil Layer 
Anaerobic 
Soil Layer 
upward diffusion 
runoff. 
pollution 
p rt· ulate I 1 +3 anaerobic 
nic p.-.soP--.. P04 ...-- release of P 
plant uptake ____./ 
Figure 1.2. Phosphorus cycling in wetlands. SOP=soluable organic phosphorus. (From 
Whigham, 1995 and Mitsch and Gosselink, 1993). 
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Common Results 
Plants (especially water hyacinth) remove metals through bioaccumulation (Hiley, 
1995). Kadlec (1995a) mentions that copper and other divalents bond strongly to peats and 
humics. Kadlec (1995a) also gives a 50% removal for zinc and a 60% removal for lead. 
Substances such as phenol, benzene, toluene, and crude oil degrade fairly well, however, 
PCBs and other halogenated species do not (Kadlec, 1995a). Many summaries have been 
compiled giving the treatment efficiencies for constructed wetlands. Tables 1.6 and 1. 7 give 
excellent summaries of a few of these compilations. 
Tables of constructed wetland performance such as these are commonplace in the 
wetlands research data. It is often quite difficult to determine average removal efficiencies. 
Kemp and George (1997), however, reference the EPA in stating that constructed wetland 
systems effectively remove 60-95% of influent suspended solids and organic carbon. Also 
given in the same report was that the ammonia concentrations are either larger than the 
~nfluent concentrations, or have a 0-50% removal efficiency. This is again due to the fact 
that wetlands are not aerobic, making the conversion from ammonium to nitrate very 
difficult. 
Case Studies From Around the World 
Wetlands are created and utilized for many different purposes. These purposes are 
usually regionally dependent, but are spread throughout the world. This section will first 
focus on unique wetland uses and situations in different countries, and will then summarize 
local studies and projects. 
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Table 1.6. Summary of constructed wetland wastewater treatment performance, in North 
American wetlands, ranging from 40 m2 to 1,093 ha. (Wood (1995), cited from Knight 
(1992)). 
CONSTITUENT FINAL EFFLUENT, mg/L %REMOVAL 
Biological Oxygen Demand 10.5 73 
Suspended Solids 15.3 69 
Ammonia-N 4.2 44 
Total Nitrogen 5.0 64 
Total Phosphorus 1.9 55 
Table 1.7. Summary of the average efficiency of268 European constructed wetlands (Haberl 
et al. (1995), cited from Bomer (1992)). 
PARAMETER UNIT NUMBER OF AVERAGE 
VALUES EFFICIENCY o/o 
BOD mg/L 499 79.1 
COD mg/L 345 69.5 
Total N mg/L 259 39.6 
Ammonia-N mg/L 404 30.3 
Total P mg/L 338 47.1 
A study by van Oostrom (1995) reports on four surface flow wetlands, which were 
constructed in New Zealand to treat nitrified meat-processing waste. The objective ofthis 
treatment was to reduce fecal coliform bacteria, COD, BOD, and suspended solids. Because 
New Zealand does have a harsh winter season, the wetlands were only in use during the 
summer months. During this season, nitrogen removal rates were about 75%, with 87% of 
this occurring due to denitrification, and the other 13 % occurring from accumulation of the 
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nitrogen in sediments and plant biomass. It was found in this study that if the nitrogen is in 
the ammonia form, low nitrification rates occurred, leading to consequentially low 
denitrification rates. This study emphasized the need for a more nitrified influent, through 
soil infiltration areas, etc. to provide aerobic conditions. Also, much organic carbon was 
found to be necessary, which can be supplemented by the addition of plant biomass. White 
(1995) also verified that nitrification does not take place very easily in a wetland. This paper 
stressed that BOD removal is the first key step to nitrification, and can be accomplished 
through the use of a two-stage wetland treatment system or similar system. 
Xianfa and Chuncai (1995) provide results from North China of several studies. The 
extensive report covered several different climate zones in North China. Wetlands were used 
in these studies to treat municipal sewage, paper industry effluent, petrochemical processing 
wastewater, and beer brewery effluent. Treatment systems included wetlands, as well as 
different forms of land treatment, which include rapid infiltration, slow infiltration, and 
overland flow. Results of the treatments varied, but the unique feature of these wetlands was 
that they also produced economic benefits for the area. The reeds, which filtered the organic 
materials and metals were harvested as a cash crop. Additional wetlands, placed in a series, 
housed fish, which were also harvested. 
Australia has conditions that are quite similar to those in New Zealand. However, 
Australia is unique in that there is a very uneven population distribution. Treatment of waste 
is not very difficult in large coastal cities. Low-cost methods for treating waste in small, 
rural communities, however, are needed. Mitchell et al. (1995) discuss several treatment 
systems and projects within Australia. A swine manure treatment system did not work very 
well because the effluent was too concentrated due to short-circuiting problems. This caused 
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odor, mosquitoes, algae problems. Problems such as these can be remedied through re-
design or by lessening the influent load. A chicken manure treatment system worked well, 
with a 60% removal of total nitrogen and a 70% removal of total phosphorus. Of particular 
concern in some of these studies was phosphorus accumulation in sediments and plants. In 
mining areas, heavy metals including copper, zinc, and cadmium were removed through the 
use of growth media on filters. These projects help prove that sufficient treatment can be 
achieved with minimal monetary inputs. 
Europe also has vested interests in the use of wetlands for small community 
wastewater treatment. Haberl et al. (1995) discuss four wetland "configurations" that are 
currently in place. These include: 
1. constructed wetlands. 
2. mechanical pretreatment and constructed wetlands. 
3. mechanical pretreatment, constructed wetlands, and a polishing stage (constructed 
wetlands). 
4. mechanical pretreatment, conventional biological treatment, and a polishing stage 
(constructed wetlands). 
By stressing more than just the use of wetlands in configurations 2-4, Haberl et al. (1995) 
promotes the idea of pre-treatment as a beneficial process 
Juwarkar et al. (1995) wrote an article that discussed new studies being performed in 
India. Waste management is a very large concern in India, especially in the larger cities. 
Currently, India has performed laboratory scale projects as preliminary studies on the 
treatment of individual household wastewater. These laboratory studies resulted in a 
nitrogen removal of 66-73% and a BOD removal of78-91 %. 
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Tropical wetlands have a great potential for year-round operation. Polprasert et al. 
(1996) discuss a study that treated toxic wastewaters that were contaminated with phenolics 
and heavy metals. At an average 22-30 °C temperature, with a hydraulic retention time of 5-
7 days, >99% of the phenol was removed to just at or below the acceptable organic loading 
rates. It was also discovered in this study that phenol, chromium, and nickel accumulate in 
the plants mostly at the roots, followed by the stems and the leaves. 
Sansanayuth et al. (1996) discuss research in a similar area - Thailand. The unique 
problem in this study was the treatment of shrimp farming effluent. The waste contained 
shrimp waste plus excess feed for the shrimp. It was necessary for regulations to be set 
because of the very concentrated effluent. 
In another tropical area, Brazil, studies have utilized the floating aquatic plant, water 
hyacinth, to remove pollution from the many rivers and lakes in the country. One treatment 
step in the series allowed the wastewater to flow through filtering soils that were planted with 
rice. This method is called the "edaphic-phytodepuration technique" (Manfrinato, 1990). 
Zhu and Sikora (1995) discussed the results of plant removal efficiency of ammonium 
and nitrate at the Tennessee Valley Authority in Alabama. The progression of plants with the 
best removal efficiencies were found as follows: 
Ammonium-N removal experiment: reed>canarygrass=bulrush>typha>unplanted cells 
Nitrate-N removal experiment: reed=canarygrass>typha=bulrush> unplanted cells 
Also in Alabama, McCaskey et al. (1994) have performed experiments using a two-
cell constructed wetland system for the treatment of swine manure. The waste was retained 
in the system for twelve days, and had a 0.069 kg BOD/day/m2 loading rate. This system 
resulted in total N reductions of 61 %, arnmonia-N reductions of 7 6%, BOD reductions of 
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38%, phosphorus reductions of 55%, and total suspended solids reductions of 86%. These 
numbers are quite typical for recent studies in the Midwest. 
In a study performed by Cronk (1995), constructed wetlands were used to treat dairy 
waste before entering the Monocacy River in Maryland. These wetlands remediated 70% of 
BOD, 90% ofTSS, 60% ofTKN, 30% ofNH3-N, and 54% of incoming total P by mass. 
Results oflaboratory-scale (l.5m x 0.45m) constructed wetlands in Tennessee have 
shown consistently high nitrogen removal efficiencies ( 65-81 % ) for dairy lagoon supernatant 
(Benham and Mote, 1995). 
Purdue University has focused a study on different depths of water (15 cm and 30 
cm) and different retention times (7 day and 14 day). Results indicated that a residence time 
of 14 days sufficiently treated the swine manure. An increase in the hydraulic retention time 
could offset reduced microbial activity during cold winter months. Also stressed was the fact 
that some form of primary treatment greatly increased the overall efficiency (Reaves et al., 
1995). 
A study by Healy and McLoud (1994) in Indiana used both wetlands and infiltration 
areas to treat dairy waste. This study found that a combination of the infiltration area and 
wetland area could be used for treatment of polluted runoff, milkhouse waste, or anaerobic 
lagoon effluent. It was mentioned, however, that infiltration areas alone should be limited to 
the handling of polluted runoff. 
These studies just briefly touch on the numerous quantities of constructed wetland 
studies being conducted in the United States and worldwide. The main conclusion that 
should be drawn from these studies is that if adequately constructed, wetlands will provide 
for excellent nutrient removal and can be designed to fit most situations. 
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Wastewater Effects on the Environment 
Discussed above are only the positive effects of using wetlands for wastewater 
treatment. This paper, however, has not discussed any adverse affects of such systems. 
Brennan (1985) mentions several known and hypothesized negative environmental impacts 
as discussed below. 
Invertebrates encounter difficult situations when living in a treatment wetland, as they 
often cannot easily leave the environment. These invertebrates face changes in populations 
due to death or migration; contamination of the food chain by heavy metals, chlorine, 
chlorinated hydrocarbons, etc.; and transmission of diseases to higher organisms. Fish 
encounter similar situations such as changes in species; changes in productivity and 
reproduction (spawning success); acute, chronic, or sublethal toxicity; and the possibility of 
being a vector for mammalian diseases. 
Wildlife in general face changes in the following areas: habitat structure and 
components; type and distribution of plants; natural animal corridors; open water to 
vegetation ratios; species richness and density; food webs; increased woody species; wildlife 
use patterns; the presence and abundance of indicator species; increased diseases and the 
possibility of becoming a vector for diseases; and decreased endangered, threatened, or rare 
species. Clearly these results may be extreme, but the implications cannot be denied. The 
use of constructed wetlands for waste treatment may have these potential drawbacks, but the 
deciding factor should be if these negative elements outweigh the positives. 
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Summary 
As clearly illustrated in this paper, constructed wetlands are an excellent choice for 
the treatment of various forms of wastewater. They perform better than natural wetlands, can 
be constructed to fit most situations, and can meet the treatment needs quite efficiently. 
Removal rates for total nitrogen, nitrate-N, ammonia-N, phosphorus, suspended solids, and 
BOD are quite high in most cases, and the future looks to be quite promising. Wetlands 
perform even better, in most cases, when a pretreatment, such as a soil infiltration area or 
screening is used. As more legislation becomes implemented, the United States will most 
likely see a resurgence in the number and quality of wetlands being constructed or restored. 
Many of these have the potential to be used as treatment wetlands. Only future studies and 
more research will provide us with the answers we need to determine the specifics for such 
treatment mechanisms. Until then, current research looks very favorable and the results 
reassure us that wetlands provide us with various benefits, including waste management. 
Conclusions 
This section of the literature review provides a wide variety of information and 
options to choose from when selecting a wetland for the purpose of waste treatment. Once 
again, the goal of this particular study is to provide a low-cost, yet effective means for the 
treatment of waste. Based on this, the design characteristics were chosen. A constructed 
surface flow wetland (also defined as an emergent aquatic macrophyte-based system) was 
chosen because of the ease in construction, and because of its efficiency in treatment. After 
reviewing the literature, a retention time of 14 days (2 weeks) was selected, along with a 
water depth of approximately 15 cm ( 6 in). Because of discrepancies in the values given for 
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hydraulic loading rates, and because this experiment implements the use of a soil infiltration 
area and wetland area, it was decided to base the hydraulic loading rate on the available 
capacity of the soil in the soil infiltration area. This may be a unique technique, but as will 
be discussed in the next section, land designated for waste treatment can accommodate such 
volumes. Cattails (Typha spp.) were selected as the primary macrophyte in the constructed 
wetlands, because of the plants' ability to survive in sub-optimum environments. Other 
considerations for the soil infiltration portion of this experimental treatment system will be 
discussed in the following section. 
Land. Treatment of Wastes 
Introduction 
Treatment of human and animal wastes through land application has been historically 
performed for years. This form of waste disposal is the easiest method waste disposal. 
Pound and Crites (1973) mention that Greeks land applied wastes in Athens. Sewage 
farming was also a common practice in England in the 1700s, according to Pound and Crites 
(1973). This is an alternative to the previously discussed treatment of wastes through 
constructed wetlands. 
One of the main processes in a usually aerobic land treatment area is the microbial 
degradation of organic wastes. This is accomplished mainly through oxidation, fixation, and 
release of compounds (Webber, 1973). One of the main processes that is concentrated in the 
aerobic soil is the nitrification process, which converts NHi-N into N03-N, as discussed in 
depth in the wetlands section. The N03-N is then converted into various nitrogenous gases in 
the anaerobic wetland area. Gilbert et al. (1973) mentions that the top 15 cm of the soil 
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basin could be used to promote nitrogen removal because that is where the energy, nitrogen 
sources, and microbial activity are concentrated. This would imply that an anaerobic wetland 
is not needed for the conversion of nitrates, however, most studies stress that soil provides 
only a good aerobic zone for the conversion ofNHi-N to N03-N. 
Another nutrient of particular concern when applying wastes to land is phosphorus. 
Since phosphorus is highly adsorbed to the soil, it can rapidly accumulate, causing potential 
problems for a treatment system. Refer to the wetlands section for a more in-depth dialog on 
phosphorus. Beek and deHann (1973) state that phosphate may precipitate as aluminum or 
iron phosphates, with the Al and Fe ions furnished by soil compounds, or may form calcium 
phosphates, with the Ca furnished by sewage. Beek and de Hann ( 1973) also found that the 
accumulation of phosphate was restricted to the upper 40 cm of the soil profile. 
Of particular concern in land treatment is the bioaccumulation of materials in plants. 
This is primarily a concern with municipal wastes because of heavy metal accumulation, but 
animal wastes can also cause difficulties due to xenobiotics introduced into the animals. It 
is, therefore, pertinent to be very diligent in the testing of the waste, and to be very cautious 
with the disposal of any plant residues. 
Types 
The EPA defines and examines three types ofland treatment commonly in use today, 
as discussed below (Weston, 1982). 
Slow-rate Land Treatment 
After wastewater is applied to the soil, it is treated as it flows through the soil matrix, 
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eventually percolating to the groundwater (Weston, 1982). Water application should be such 
that surface runoff does not occur. The wastewater can either be surface applied or sprinkler 
applied. In stirface applications, ridge furrows and border strip flooding techniques are often 
employed. In sprinkler applications, sprinklers are usually fixed, moving, permanent, or 
portable systems. Vegetation is important in that it aids in infiltration. The objectives of 
such a treatment system are given below, as listed by Weston (1982). 
Objectives: 
1. Treatment of applied wastewater. 
2. Economic return from use of water and nutrients to produce marketable crops. 
3. Water conservation by replacing potable water with treatment effluent for irrigating 
landscaped areas, such as golf courses. 
4. Preservation and enlargement of green belts and open spaces. 
Kruzic (1997) reports that this treatment system promoted high nitrogen and phosphorus 
removal from the wastewater. 
Rapid Infiltration Land Treatment 
The applied wastewater rapidly percolates through the soil and is treated as it travels 
through the soil (Weston, 1982). The wastewater must obviously be applied to very 
permeable soil, in order for accelerated infiltration to occur. Wastewater is either sprinkler or 
surface applied in this treatment system. Vegetation is not normally present in this system, 
but can be adapted into individual situations. Evaporation losses are minimal, and most of 
the applied wastewater percolates to the groundwater. The only objective for this system is 
wastewater treatment. The treated wastewater can be used for groundwater recharge, 
recovery of renovated water by wells or underdrains with subsequent reuse or discharge, 
31 
recharge of surface streams by interception of groundwater, or temporary storage of 
renovated water in the aquifer (Weston, 1982). This system excels in the removal of 
suspended solids (SS) and the reduction of biochemical oxygen demand (BOD) and fecal 
coliform bacteria. Nitrogen removal is often poor unless attempts are made to maximize the 
nitrification/denitrification processes, thereby releasing the nitrogen as a gas. Phosphorus 
removal can be between 70-99%. Kruzic (1997) adds by stating that lower application rates, 
resulting in no ponding, make for higher rates of nitrogen removal because of more available 
oxygen. 
Overland Flow Treatment 
Wastewater, which is applied to a sloped soil, is allowed to flow across a vegetated 
surface to runoff collection ditches (Weston, 1982). The costs of this system are very low. 
The objectives of such a system are given by Weston (1982) as follows. 
Objectives: 
I . Wastewater treatment and crop production in some instances. 
2. Achieve secondary or better effluent from screened wastewater. 
3. Achieve higher levels of wastewater treatment following conventional treatment. 
Kruzic (1995) again comments on this treatment system by stating that the highest 
phosphorus removal is accomplished at the lowest application rates. 
These are the three main types of land treatment commonly referred to today. Kruzic 
(1997 and 1995) also lists subsurface infiltration as a land treatment mechanism. He notes, 
however, that this system is not very effective in nitrate removal. 
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Site Selection For Treatment Systems 
The selection of a site for the treatment of wastes is a very important process. Not 
only the quality of land needs to be examined, but also the proximity to other owners, 
recreational areas, public parks, etc. needs to be taken into consideration. In the Process 
Design Manual For Land Application of Municipal Sludge (US EPA, October 1983), 
different areas have been designated for the purpose of land application of waste. They are 
listed here, with modifications. 
1. Fertilization sites are areas that can still be used for the original intended purpose after the 
application of wastes. These sites include: agricultural lands, forested lands, turf farms, 
parks and recreation areas, large landscaping projects, and highway, airport, and construction 
sites. In some of these applications, such as landscaping and construction projects, the 
sludge is mixed with soil, and then applied. 
2. Disturbed and marginal lands offer an attractive alternative to the fertilization option, in 
that the land is currently not used for any "productive" purpose. Public opposition is usually 
a minimum here. The application of wastes onto these sites may actually improve soil 
physical properties such as water-holding capacity, soil cation exchange capacity (CEC), 
plant nutrient availability, buffering of the pH in mine soils, increased microorganism levels, 
etc. (US EPA, October 1983). It is important in these sites, however, to ensure that the 
application of waste will not degrade surrounding surface and groundwaters. 
3. Dedicated land disposal sites (DLDs) are defined as having sludge applied at higher than 
agronomic rates. The Process Design Manual For Land Application of Municipal Sludge 
(US EPA, October 1983) specifically comments on DLDs, as given below: 
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a. The primary purpose of the site is long-term sludge application, i.e., it is a dedicated 
disposal site of land spreading of sludge. Any additional site activities or benefits, such as 
growing of agricultural crops or improvement of soil characteristics, are secondary to the 
primary sludge application activity. 
b. Typically, sludge application rates are substantially higher than used for the agriculture, 
forest, and disturbed land options. There may be some overlap, however, in specific cases, 
especially where crops are grown on the site. Higher application rates reduce the area of land 
required and may also simplify sludge distribution. 
c. Typically, the agency that is implementing the project owns the site, or has a long-term 
lease that allows the agency substantial discretion in use of the land for sludge spreading 
purposes. 
d. The site is more carefully designed, managed, and monitored than are sites using other 
options. 
e. Site design and operations are focused upon containing within the site any environmentally 
detrimental sludge constituents. Surface runoff, groundwater leachate, and harvested crops 
are controlled to prevent adverse effects. Regulatory agency limits and controls are virtually 
always required, and permitting procedures often involve many governmental agencies. 
Site Selection Criteria 
Many different design criteria are given in the literature, and some contradict each other, 
depending on the specific application for the land treatment system. Given here is a 
summation of criteria for basic design considerations, given by Westerman and King (1983), 
with modifications. 
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1. Wastewater characterization by volume and composition determination. The generating 
source of the waste may have toxic elements, which need to be analyzed and detected. 
These materials may be toxic in and of themselves, or may become toxic at very high 
levels. The rate of application needs to be considered and assessed, along with the 
determination of a constant or seasonal application. Materials that should be tested for 
include total solids (TS), total nitrogen (TN), ammonium-nitrogen (NI!i-N), nitrate-
nitrogen (N03-N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), 
copper (Cu), nickel (Ni), zinc (Zn), lead (Pb), cadmium (Cd), chromium (Cr), pH, 
mercury (Hg), poly-chlorinated biphenyls (PCBs), sulfuric acid (S04) , chloride (Cl), 
sodium (Na), boron (B), arsenic (As), chemical oxygen demand (COD), conductivity, 
fecal coliform bacteria, and temperature upon application. 
2. Land requirements, including land selection and evaluation of land, assimilative capacity 
for the applied wastewater, land area required, land acquisition ease, land preparation, 
and adjacent land use. Some of this can be accomplished through the use of a soil survey 
or other maps. An object as simple as a map can often indicate potential problems such 
as soils that are shallow to bedrock and easily flooded soils (D'itri, 1982). Knowledge of 
unique underground formations, such as karst topography, is also crucial. Field 
investigations that are often performed include test pits, bore holes, infiltration rate 
calculations, and soil chemistry tests. Surrounding surface and groundwater sites may 
need to be monitored. Waste applications often lend negative connotations to the public, 
so the site selection is critical. 
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3. Pretreatment requirements before land application, incorporated into a design of a total 
system (pretreatment and land application). Pretreatment often includes screening and 
sedimentation. 
4. Storage requirements. This is especially pertinent if the waste is sprinkled (irrigated) or 
in cold climates. 
5. Application equipment and controls. Applications could occur either by surface 
spreading or subsurface injection, however, difficulties with surface spreading include 
odors, uneven sludge distribution, clogging of soil surface, and difficult vehicle access 
into the area. (US EPA, October 1983). 
6. Vegetation and site management including liming, pest management, harvesting, etc. ; 
equipment requirements; crop or forest utilization potential; crop or forest production 
costs and returns. Plant selection is also an important factor because of different 
evapotranspiration rates, and root systems. 
7. Buffer zones. These zones may be necessary to treat unintentional surface runoff. 
8. Monitoring. Monitoring is necessary for the following reasons (Westerman and King, 
1983): 
a. Verify system performance as designed relative to wastewater treatment and 
environmental impact. 
b. To determine any degradation of soil, ground water or surface waters. 
c. To assess vegetative-soil system to insure that viable vegetative cover is 
maintained and that the present land/vegetation management is effective. 
d. To determine safety of utilization of any vegetation harvested from the site or 
consumed by wild animals. 
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e. To monitor wastewater generation rate and composition for any significant 
changes. 
f. To monitor effectiveness of pretreatment processes. 
9. Security. Keeping unauthorized persons out is necessary for the safety of the public. 
10. Overall operations and maintenance. It is critical that all aspects of waste treatment 
systems are properly maintained, in order to promote the best results. 
11. Groundwater classification (quality and use). Knowledge of groundwater movement is 
critical, and if possible, groundwater control structures and monitoring stations are ideal 
(Pound and Crites, 1973). Groundwater should be tested before construction and 
monitored throughout to ensure that no contamination has occurred. 
D'itri (1982) summarizes by stating that the major site considerations are soil, 
groundwater, and climate. D'itri (1982) also stresses crop management within any land 
treatment system. Pound and Crites (1973) have suggested other design considerations by 
giving a "best" soil type as a well-drained, loamy soil, reaching to a depth of 5-6 feet, and a 
depth to groundwater of at least 5 feet. Dickey and V anderholm ( 1981 ), cited by Delgado et 
al. (1995), concede by recommending soil depths of0.7-3.7 meters. Delgado et al. (1995) 
mentions that texture, structure, organic matter, pH, cation exchange capacity (CEC), natural 
bacteria, phosphate sorption capacity, and permeability, along with available oxygen levels 
are the important soil considerations. Dickey and Vanderholm (1981), cited by Delgado et 
al. (1995), also state that an area should be chosen on rainfall intensity, infiltration rate, 
length of slope, and minimum contact time required. Slopes of up to 15% are acceptable 
(Pound and Crites, 1973). Black (1984), as cited by Delgado et al. (1995), states that slopes 
of 1-12% are best. An economic concern may relate to the distance from the source of the 
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wastewater to the waste treatment area. Tied to this transportation facet is the fact that 
isolation from the public view is desirable, although not necessary, but does assist in public 
acceptance. Westlund (1973) provided an excellent summation of all of these site criteria 
requirements: deep, well-drained, medium textured soils; geologic and land conditions that 
will not allow contaminated water to be short-circuited to groundwater or surface waters 
before it can be renovated; and minimum slope. 
Other considerations for a land treatment system include different design alternatives, 
which may allow for all precipitation, waste, and excess runoff to be contained within the site 
through the use of berms, etc. (US EPA, October 1983). Another alternative which has 
gained attention is the collection of the infiltrated leachate to be analyzed and/or treated 
further, thus not allowing for the leachate to reach the groundwater. Supplemental drainage 
systems may also be necessary to aid in infiltration. 
Some studies have suggested that plants should not be included in a land treatment 
system. Most, however, do recommend plants. Young (1982), cited in Delgado et al. (1995), 
has suggested the use of species with high nitrogen requirements, such as maize and alfalfa. 
Also cited by Delgado et al. (1995), Black (1984) suggests the growth of herbaceous plants 
with a long growing period, high moisture tolerance, and an extensive root system, such as 
reed canary grass, ryegrass, and tall fescue. Dillaha (1989b ), cited again by Delgado et al. 
(1995), stated that grasses or legumes, and not shrubs should be planted. These plants should 
be cut and removed 2-3 times per year. If too much sediment has accumulated, the area 
should be plowed, leveled, and re-seeded. 
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Design 
Knowledge of the above considerations along with initial testing leads to the next 
step, the determination of loading rates. Climate does affect the loading rates, therefore, 
information such as aridity, precipitation, etc. is needed in order perform calculations (Pound 
and Crites, 1983 and US EPA, October 1983). Little conclusive data has been written about 
specific loading and application rates. The EPA, however, has given some calculations to 
determine the monthly sludge application rate in the Process Design Manual For Land 
Application of Municipal Sludge (US EPA, 1983). 
Rm = (En + I) * TS * c 
100-TS 
where: 
Rm= monthly sludge application rate (dry mt/ha/mo) or (dry T/ac/mo) 
En = net soil evaporation (cm/mo) or (in/mo) 
TS = total solids content of the sludge (%) by weight 
C =a conversion factor which equals 100 mt/cm metric or 113.3 T/in English 
I = infiltration rate (cm/mo) or (in/mo), which can be included or deleted from the equation, 
based on available information 
And: 
En=Es-P 
En= (f * E1) - P 
where: 
En= net soil evaporation 
Es = gross soil evaporation 
E1 = gross lake evaporation 
P = precipitation 
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F =factor expressing the relationship of soil and lake evaporation (dimensionless) 
Pound and Crites ( 1983) have suggested acceptable liquid loading rates of 1.5-60 
inches/week or 3-36 T BOD/A/Yr. The authors also cite a necessary resting period of 1-14 
days. The length of the drying period is difficult to determine because of the climatic factors, 
as discussed above, the net soil evaporation rate, any precipitation in the following days, the 
soil texture, the infiltration rate (from 2-20 days), the quantity and moisture content of the 
sludge, and the method of sludge application (US EPA, October 1983 ). Delgado et al. ( 1995) 
also stressed these precipitation effects, and also mentioned temperature effects. High 
temperatures increase disinfection and infiltration due to high evapotranspiration and a high 
soil-water deficit, while cold temperatures cause less nutrient circulation due to less plant 
uptake and low microbial action. 
Other notions on the correct way to calculate loading rates have been suggested. 
Black (1984), cited by Delgado et al. (1995), state that the maximum seasonal wastewater 
load could be calculated by: 
Rw=P+D/1 O+SR 
where: 
Rw=wastewater hydraulic load (cm/yr) 
P=soil permeability (cm/yr) 
D=soil water deficit (mm/yr) 
SR= seasonal runoff rate (cm/yr) 
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A simple way to determine the area requirements is also given in the Process Design 
Manual For Land Application of Municipal Sludge (US EPA, October 1983). 
Area required = maximum annual design sludge generation in dry weight 
annual application rate in dry weight/unit area 
Delgado et al. (1995) provide another simple calculation for the area determination: A=Q/P 
A = filter area for complete infiltration of maximum inflow 
Q =maximum inflow (volume/time) 
P =permeability [(volume/area)/time] 
Case Studies 
An interesting study by Harvey et al. (1996) analyzed the performance of steers 
grazed on lands with different rates of liquid swine manure applied as a fertilizer to forage 
crops. No difference in steer performance was discovered when the steers were grazed on 
the bermudagrass fertilized with 456 or 873 kg N/ha from swine lagoon effluent. Also, no 
increases in nitrogen or phosphorus in the ground water were noted between the treatments. 
This may indicate that grazing of animals on lands with high rates of applied waste is 
acceptable. 
Many studies have been conducted on land treatment applications, however, few have 
been performed specifically on soil infiltration studies. An article published by Delgado et 
al. (1995) compiled the results of several filter strip and soil infiltration area studies. This 
review will highlight several of his findings below. In the article by Delgado et al. (1995), 
Doyle ( 1997) found that in a forest buffer strip system, reductions of 83 % soluble nitrogen 
and 91 % phosphorus were found. In a study by Young et al. (1980), cited by Delgado et al. 
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(1995), a crop-vegetated filter strip system found reductions of total nitrogen (TN) by 84%, 
total phosphorus (TP) by 83%, and ammonia and phosphates by 93%. An increase in nitrates 
was noted in this experiment. Dickey and Vanderholm (1981), cited by Delgado et al. (1995) 
found reductions of 86.2% and 97. 7% for ammonia, 80.1 % and 96. 7% for total Kjeldahl 
nitrogen (TKN), 73.1% for total suspended solids (TSS), 85.4% and 97.5% for COD, and 
78.2% and 96.3% for phosphorus when treating feedlot runoff with buffer strips. 
Also cited by Delgado et al. (1995) was an article by Magette et al. (1986) which 
found that filter strip effectiveness on fertilizers and cattle manure varied, however, the 
authors felt that filter strips were viable in a conservation system. This experiment used 
simulated rainfall to produce runoff. Dillaha (1986), cited by Delgado et al. (1995), also 
performed an experiment using filter strips and simulated rainfall. The experiment found that 
sediments were reduced by 81-91 %. Also found in this study, however, was that the 
effectiveness declined over time because of sediment build-up. Phosphorus levels were not 
~ecreased very much, and in some instances, the effluent was found to have increased levels 
of soluble phosphorus. 
A study from Schwer and Clausen (1989), cited by Delgado et al. (1995), treated 
dairy milkhouse wastewater with grass filter strips. Reductions of TS, TP, and TKN by 92%, 
86%, and 83%, respectively, in surface runoff and 97%, 92%, and 93%, respectively, in 
subsurface runoff were found in this study. In the treatment of municipal wastewaters, 
Deemer (1988), cited by Delgado et al. (1995), found common percentage reductions of 25-
95% for BODs, 33-85% for TSS, 50-83% for TN, 0-80% for TP, and 75-84% for zinc. 
Hoecks (1979), cited by Delgado et al. (1995), performed soil infiltration studies and 
found 92-93% reductions in COD after passing through soil columns. Also found in this 
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study was that ammonia and potassium were highly retained. Another column study that 
utilized columns of sand and red mud was cited by Delgado et al. (1995) and was performed 
by Ho (1992). Cochet (1990), cited by Delgado et al. (1995), also used soil columns, which 
consisted of a homogeneous mixture of sand and polypropylene flocks to encourage 
nitrification in the first column and denitrification in the second. Reductions of 92% and 
96% TKN in the first and second, respectively, 99% ammonia in both columns, 95% nitrate 
in the second, and 90%+ for BODs and TSS were found. 
Net nitrogen removal averages, in a column study by Lance and Whisler (1973) were 
found to be only 30% when the soil columns were flooded with sewage water. Removal 
efficiency was increased by the following: adding 150 ppm of soluble carbon, such as 
glucose; collecting the high-nitrate water from the column, mixing it with more sewage 
water, and recycling the mixture; and reducing the application rate from 35 to 15 cm/day. 
A study reported by Oshida et al. ( 1993) incorporated the use of aerobic settling 
tanks, inoculated with microorganisms, and combined it with a secondary treatment of a soil 
infiltration area. Barnyard millet (Echinochloa utilis) and Italian ryegrass (Loli um 
multiflorum) were planted in the infiltration area. In the primary treatment, removals ofE. 
coli, BOD, SS, TP, total bacteria were found to be between 79-99%. Primary treatment also 
removed 58% of COD and 36% of TN. Removal of E.coli, SS, other bacteria, TP, BOD, 
and COD was 93-99% resulting from both primary and secondary treatments. TN removal in 
the secondary treatment equaled only about 34%, with a total removal of 58%. The final 
effluent water met Japanese water quality standards for discharge, except for TN. The 
authors felt that a more aerobic environment would encourage better removal for the 
nitrogen. 
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A similar study conducted by Koelliker et al. ( 1971) coupled the use of an anaerobic 
swine lagoon and a soil infiltration area. Each season, 14.8-31.4 inches oflagoon effluent 
was applied. The applications only occurred from mid-April until early November because 
of questionable winter-month results. This resulted in 600 pounds of nitrogen applied per 
acre per season (325,000 gal per acre per season). The authors felt that this application rate 
would be sufficient to remove most of the applied nitrogen through the growing crops and 
through denitrification. Fescue, brome, and ryegrass were planted in the soil infiltration area. 
After applications, the tile drainage water was sampled. Reductions of COD by 79-93% 
were credited to mass removal. The authors felt that overall COD levels in any similar 
treatment system could be reduced to 30-60 ppm. Phosphorus reductions were generally 
between 90-97%, however, cracks in the soil, which led to faster infiltration, necessitated 
lower application rates in later years. Nitrate was the only form of nitrogen that reached the 
tile lines, resulting in 48-67% removal of total nitrogen. This study concluded that lower 
application rates promote better removal efficiencies. 
A study performed by A. Bryce Cooper (1994) also used a dual treatment system, 
consisting of a forest irrigation and wetland treatment system. The loading rates were based 
on nitrogen removal efficiency, because the soils in the area were able to retain high levels of 
phosphorus. In this study, denitrification was held accountable for 32-100% of the nitrate 
reductions. Variable wetland residence times were the main source of difficulty for the 
removal efficiency. Cooper also reported on a sediment microcosm study that was 
performed in conjunction with the irrigation-wetland study. This secondary study found 
initial rapid decreases in nitrate-nitrogen, with a steady-state being reached after about 6 
days. Cooper also concluded that if higher denitrification is desired, organic matter must be 
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supplied in a simple form and at a sufficiently rapid rate. The author found that Typha 
species-planted soils offered the best option. 
Summary 
As confirmed by the preceding results, land treatments by systems such as soil 
infiltration areas do reduce nutrient and BOD levels. Soil infiltration through slow rate land 
treatment acts as an efficient filtering mechanism for wastes. When coupled with a 
constructed wetland, results can be even more effective and more definitive. Problems such 
as phosphorus build-up may be a problem, hence, more research needs to be performed in 
order to develop solutions to this and any other potential problems. Future studies that 
employ these systems will confirm the results of these and other experiments. This 
alternative waste management system may be the answer for a low cost, low maintenance 
waste treatment system. 
Conclusions 
Much information has been presented in this section of the literature review. As 
discussed in the previous wetland section, the soil treatment designation chosen was a 
dedicated land disposal site (DLD), which utilizes a slow-rate form of land treatment. The 
soil treatment areas were constructed using a loamy soil type. Manure application rates were 
uniquely selected based on the generally accepted value of about 50% pore space, of which 
about 30% is commonly filled with water, leaving approximately 20% available for waste 
applications. This was done for ease in calculation of manure applications over the entire 
season. The applied manure was tested for nutrients before the application, and was applied 
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directly by surface spreading onto the soil. A ryegrass mixture was seeded onto the land, but 
did not survive in many areas because of ponding. A second experiment was designed to 
supplement the results obtained from the soil infiltration and wetland system. Soil columns 
were assembled with the same parameters as the original system. See the "Materials and 
Methods" section in Chapters 2 and 3 for a more in-depth discussion as to which criteria 
were selected. 
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CHAPTER 2. MANAGEMENT OF LIQUID SWINE MANURE THROUGH THE 
USE OF A SOIL INFILTRATION AND WETLAND SYSTEM1 
A paper to be submitted to Applied Engineering in Agriculture for Publication 
Shannon R. Prantner, Ramesh S. Kanwar, Jeffery C. Lorimor, 
Richard M. Cruse, and Carl H. Pederson2 
Abstract 
Management systems are needed to minimize water quality concerns due to the application 
of liquid swine manure from large swine production facilities to cropland. Experiments were 
conducted to investigate the removal of arnmonium-N, nitrate-N, and total phosphorus from 
liquid swine manure through the use of a soil infiltration and wetland system. The in-field 
experiment consisted of eighteen 210 L ( 5 5 gal) containers arranged in two rows of nine 
containers each. Experimental treatments applied directly to the soil infiltration areas 
included a full rate application of liquid swine manure, a mixture of% manure and lJ.i water, 
and a control application of water. Manure was applied at rates of21 L (6 gal) to each 
infiltration container every two weeks. The effluent that was collected from the infiltration 
areas was applied to the wetlands. On the odd week, 21 L (6 gal) of water was applied to the 
system to provide adequate moisture for the cattails in the wetlands. For three months during 
the summers of 1998 and 1999 nutrient concentrations were determined on a weekly basis for 
the infiltration area influent, the infiltration area effluent, and the wetland effluent. Soil 
1 Journal Paper No. Jxxxxx of the Iowa Agriculture and Home Economics Experiment Station, Ames, Iowa, Project No. 3415. Research was 
partly supported with funding from the Leopold Center for Sustainable Agriculture, Ames, Iowa, the CSREES-USDA Project on Management 
Systems Evaluation Areas (MSEA), and the state oflowa through the Agriculture Experiment Station. 
2 The authors are: Shannon R. Prantner, Graduate Research Assistant; Ramesh S. Kanwar, Professor and Assistant Director of the 
Agricultural Experiment Station; Jeffery C. Lorimor, Assistant Professor; Richard M. Cruse, Professor; and Carl H. Pederson, Research 
Associate. Department of Agricultural and Biosystems Engineering, Iowa State University, Ames, Iowa, 50011. 
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phosphorus, potassium, nitrogen, pH, and organic matter levels were measured to supplement 
the other data. E. coli, fecal coliform, and fecal Streptococcus levels were also measured on 
a limited basis. 
Results of this study indicate that approximately 93% of the NI!i-N from the applied 
swine manure was removed by the soil infiltration areas. A 99% increase in the effleuent 
NOrN concentrations was found. The wetland systems removed 94% of the remaining 
NI!i-N and 95% of the N03-N. The total P levels were decreased in the soil infiltration areas 
and wetlands by 89% and 84%, respectively. The results ofthis study indicate that problems 
originating from excessive animal waste production can be remedied through the use of soil 
infiltration and wetland systems. 
Introduction 
Wetlands have commonly been used as wastewater treatment mechanisms and for 
water quality improvement throughout history. Humans have traditionally dumped their 
waste into low-lying areas, which for the most part, contain water. Within the past century, 
wetlands have been praised for their benefits including aesthetics, recreation, flood 
prevention, waterfowl breeding ground, and waste management and treatment. The high 
nutrient levels, especially ammonium-N, and escalated biochemical oxygen demand (BOD) 
are of particular concern when using wetlands for waste treatment. Wetland plants cannot 
tolerate NH4-N levels greater than 100-200 mg/L (Skarda et al., 1994). For this reason, it has 
become necessary to use some type of pretreatment to lessen the loads applied to wetlands. 
Soil infiltration areas have been incorporated into such wetland treatment systems as an 
approach to accomplish this. Treatment of human and animal wastes through land application 
has been routinely performed because it is simply the easiest method to dispose of wastes. 
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Many universities, governmental agencies, and private organizations are currently 
researching systems utilizing strategies such as these. 
The main process that occurs in the soil infiltration area is the conversion of 
ammonium to nitrate by the aerobic bacteria, Nitrosomonas and Nitrobacter. The principle 
reason for the use of soil infiltration areas is because the aerobic bacteria dominate in such 
areas. After nitrification has occurred, the water can enter the wetlands for further 
conversions. 
Figure 2.1 shows the Nitrogen Cycle. Nitrogen can enter wetlands either through 
atmospheric deposition or by surface and sub-surface hydrologic inputs (Whigham, 1995). 
Organic nitrogen can be transformed into the ammonium ion (NRi) during the 
ammonification process. These ions can be absorbed by plants or can be converted to nitrate 
through nitrification. This is a limiting step in the nitrogen cycle in many wetlands because 
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Figure 2.1 . Nitrogen cycling in wetlands. SON=soluable organic nitrogen. (From 
Whigham, 1995 and Mitsch and Gosselink, 1993.) 
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of the necessity for oxygen. The nitrate can then be anaerobically converted to nitrous oxide 
(N20), nitrogenous gases, or molecular oxygen (02) (Mitsch and Gosselink, 1993). Hiley 
(1995) states that constructed wetlands commonly have a 40-70% removal efficiency of 
nitrogen. 
The Phosphorus Cycle is depicted in Figure 2.2. Phosphorus is removed from the 
wastewater, but accumulates in the sediments and biomass, and is often sorbed to the soil. 
Kadlec (l 995a) found that the removal of phosphorus to new soils is proportional to the 
concentration in surface waters and to the surface area of the wetted soils. It has also been 
discovered that phosphorus removal does not slow down to a great extent in the winter 
months (Kadlec, 1995b). This contradicts that idea that wetlands do not "work" in the 
winter, which many researchers believe to be true. In a unique study conducted by Yin and 
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Figure 2.2. Phosphorus cycling in wetlands. SOP=soluable organic phosphorus. (From 
Whigham, 1995 and Mitsch and Gosselink, 1993.) 
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Shen ( 1995), it was found that winter operation of wetlands is possible. Several other studies 
that have been conducted during the cold winter months also validate these findings (Kadlec 
and Knight, 1996). 
The overall objective ofthis study was to develop an alternative swine manure 
management system through the use of soil infiltration and constructed wetland areas. 
Different manure application rates were studied to determine what levels of swine manure 
could be directly applied to such systems. 
Materials and Methods 
Assembly 
Eighteen plastic containers (9 sets) with a capacity of210 L (55 gal) each were used 
as soil infiltration areas and wetlands areas. The soil infiltration containers were placed on a 
hillslope, directly above and behind the wetland areas. The wetland containers were 
completely buried in the ground, while the infiltration containers were only partially buried, 
as shown in Figure 2.3. Figures 2.5a and 2.5b show a visual layout of the eighteen containers 
used in the experiment. 
The containers were buried to ensure that temperatures in the containers were similar 
to those encountered under actual field situations, and to provide a beneficial environment for 
the growth of microorganisms and macrophytes. In 1999, it was necessary to build up the 
soil surrounding the infiltration areas because of erosion over the year. Sod was planted 
around the containers to prevent this from occurring again. 
Figure 2.4 shows the design of the soil infiltration and wetland system. A perforated 
polyvinyl chloride (PVC) pipe was installed at the bottom of each soil infiltration area to 
allow for the percolated effluent to enter the wetlands. This piping corresponds to a tile 
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Figure 2.3. Close-up view of an individual system and its components. 
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Figure 2.4. Schematic of the soil infiltration and wetland system. 
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Figure 2.Sa. The nine containers in the center are the soil infiltration areas. The wetland 
areas are only partially visible to the left of the soil infiltration areas. 
Figure 2.Sb. Panoramic view of the experiment. 
drainage system in a full-sized treatment system. The soil infiltration areas were separated 
from the wetland areas by a valve, which could be turned on, allowing flow between the two 
areas, or shut off, allowing ample time for infiltration. A strainer cup positioned in the valve 
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apparatus allowed for samples to be taken at crucial times, if necessary. The flow then 
emptied into the wetland through a perforated ring surrounding the wetland, which allowed 
for equal distribution of the effluent. A perforated PVC pipe was also positioned at the 
bottom of each wetland to allow for any additional water sampling, if needed. 
Both the soil infiltration areas and the wetlands were filled with topsoil (A horizon) of 
the Clarion soil type (Soil Survey #138B) from the surrounding land. The soil was packed 
into the containers to provide for a bulk density that would be similar to local field 
conditions. Cattails (Typha spp.) were planted in the wetland containers, and were allowed 
to establish in saturated conditions. Lemna spp. (duckweed) were not specifically planted in 
the wetlands, but did emerge in 1998, however, not in 1999. A grass mixture was planted 
into the infiltration areas in 1999 to aid infiltration. It did not survive, however, in the 
manure treatment containers because of high ammonium-N concentrations and ponding of 
the manure for extended periods of time. 
Experimental Treatments 
Three treatments were imposed on the experimental soil infiltration area containers. 
Application rates of 100% swine manure ("full" rate), 75% swine manure and 25% water 
("%" rate), and 0% manure ("water") were imposed on the experiment areas. The full 
application rate was essentially liquid swine manure with no dilution water added. The % 
application rate consisted of 75% manure and 25% water. The control application consisted 
of only water. Each treatment was replicated three times. From south to north, the 
containers were numbered 1through9, as shown in Figure 2.5a, with number 1 being the 
nearest set of containers and in Figure 2.5b, with number 1 being on the right and number 9 
being on the left. The experiment used a completely randomized design, and full application 
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rates were assigned to container numbers 1, 2 and 4. Container numbers 6, 7, and 8 were 
given% application rates. Water was applied to container numbers 3, 5, and 9. 
The liquid swine manure was applied every two weeks. Twenty-one L (6 gal) of the 
corresponding treatment was applied to the soil infiltration areas. The quantity of 21 L (6 
gal) was chosen by using the following figures and assumptions: in the 210 L (55 gal) 
containers, approximately 50% was pore space, and of that, about 30% of the pores were 
already found to be filled with soil water at field capacity. This left an approximate 21 L (6 
gal) of free pore space that could be filled with liquid to completely saturate the soil in the 
containers. In 1999, the application rate was decreased to 19 L ( 5 gal) because of 
adjustments for available pore space (25% free pore space) and a recalculated volume of only 
155 L ( 41 gal) of soil, based on prior miscalculations. 
Mixing of the % rate application was accomplished through measuring the desired 
amounts in calibrated 19 L (5 gal) buckets, and stirring to provide for an adequate mix and a 
homogenous sample. The bi-weekly application rate was chosen to allow for sufficient time 
for the microbes to perform the chemical transformations and for ease in application timing. 
During the odd weeks between applications, 21 L (6 gal) of water in 1998 and 19 L (5 gal) in 
1999 was applied to provide sufficient water for the cattails, and to flush the infiltration 
areas. Precipitation was not controlled, but was not specifically addressed in this experiment. 
During the drier months, however, extra water was applied to the cattails to meet the needs of 
the plants, so that the plants would not desiccate. In 1999, a larger population of cattails 
demanded a larger volume of water. Water was applied to the wetlands on the day preceding 
the weekly applications in order to provide adequate moisture for the cattails and to allow 
sufficient water samples to be taken. 
60 
Influent samples of the liquid swine manure were taken before the treatments were 
applied to the soil infiltration areas. These samples were tested for NRi-N, N03-N, and total 
elemental P. The applications were allowed to infiltrate until a large proportion of the fluid 
had passed through the system. In 1998, the soil infiltration area effluent was collected and 
measured in calibrated buckets. The samples were taken for chemical analysis after about 
one-half of the influent liquid had percolated through the soil profile. In 1999, a system of 
plastic bushel baskets and tubing was assembled in order to collect a more homogeneous 
infiltration effluent sample and to more accurately measure the volume of the effluent. 
Figures 2.6a and 2.6b show the collection systems. The treatments were allowed to 
infiltrate for 24 hours before collection. Wetland samples were taken prior to any manure 
application to the soil infiltration areas, and were also taken prior to the bi-weekly water 
application. This second set of samples was taken to determine if the wetlands were 
performing as expected over the two-week period. 
Figure 2.6a. 1998 collection system for the soil infiltration effluent. 
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Figure 2.6b. 1999 collection system for the soil infiltration effluent. 
After applications ceased in the fall of 1998, mulch consisting of grass clippings was 
placed on the wetlands to ease difficulties associated with harsh freezing. The mulch was 
removed in the following spring of 1999. Treatments were not applied over the winter 
months even though data suggests that this would be acceptable. In the spring of 1999, the 
soil infiltration areas were tilled to a depth of 15 cm (6 in) in order to facilitate better 
infiltration. The soil was tilled by using a spade to invert and then stir the top 15 cm (6in). 
Soil was added to the containers with the purpose of raising the soil surface to provide 18 cm 
(7 in) of free space in all containers. 
Liquid swine manure for this experiment was obtained from the Iowa State University 
Swine Nutrition and Management Research Center in 1998. Hogs in a confinement building 
provided the manure, which was temporarily stored in a pit. Manure was drawn from this pit 
every two weeks, and was transported in sealed 19 L (5 gal) buckets to the experimental site, 
which was about 8 km (5 mi) from the Swine Research Farm. In 1999, the liquid swine 
manure was obtained from the Iowa State University Bilsland Memorial Swine Breeding 
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Research Unit, about 11 km (7 mi) from the experimental site. The manure that was used in 
early 1999 was obtained from a storage lagoon lift station. Manure during the latter part of 
1999 was drawn from a pig growing facility storage pit. The change in manure was 
necessary due to lower than desired ammonium-N levels in 1998. The experiment was 
performed at the Iowa State University Agronomy and Agricultural Engineering Research 
Center (AAERC), as shown in Figure 2.7. Figure 2.8 shows the actual site within the 
AAERC. 
The water which was used as dilution water for the % treatment, for the water 
application, and for cattail subsistence was pumped from a nearby tile outlet. This was the 
closest source of sufficient water. However, because this water was derived from tile lines, a 
significant amount of nitrate-N was already present, as indicated in the results. As discussed 
above, all samples, including the water samples, were tested for ammonia-N, nitrate-N, and 
total phosphorus. 
Chemical Analysis 
The American Public Health Association, in Method 4500-NH3 - A (1992) lists the 
technique for the analysis of ammonia analysis as follows. The ammonia-selective electrode 
uses a hydrophobic gas-permeable membrane to separate the sample solution from an 
electrode internal solution of ammonium chloride. Dissolved ammonia (NH3(aq) and NHi l is 
converted to NH3(aq) by raising pH to above 11 with a strong base. NH3(aq) diffuses through 
the membrane and changes the internal solution pH that is sensed by a pH electrode. A 
chloride ion-selective electrode that serves as the reference electrode senses the fixed level of 
chloride in the internal solution. Potentiometric measurements are made with a pH meter 
having an expanded millivolt scale or with a specific ion meter. The NH3 measured here 
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theoretically measures the NH4 + levels, which was the goal for this experiment. The pH 
meter, an Orion, model 290A, produced outputs given directly as concentration 
measurements. The ammonia electrode, model number 95-12, was also manufactured by 
Orion. The strong base which was added was an Ionic Strength Adjuster (ISA), consisting of 
a 5M NaOH I 0.5M Disodium EDTA I 10% methanol solution with a color indicator added. 
According to the American Public Health Association, Method 4500-N03 - F (1992), 
adapted by Loren Shiers (September 1999), and with additional amendments added, the 
method that was used to analyze the nitrate levels in the samples is as follows. The nitrate-N 
(N03-N) and nitrite-N (N02-N) were analyzed by the automated cadmium reduction method 
using a Technicon Autoanalyzer II, automated ion analyzer. Nitrate was reduced to nitrite by 
a cadmium/copper column. Nitrite was diazotized by sulfanilamide and then reacted with N-
(1-naphthyl)-ethylenediamine dihydrochloride at a pH of 8.5 to form a colored (pink to red) 
azo dye. The dye's absorbance was measured at a wavelength of 520 nm. Nitrate-N and 
nitrite-N concentrations in samples were determined by comparing sample absorbance with 
those obtained form a calibration curve comprised of standards containing nitrate-N 
concentrations of 0.125 to 2.00 mg/L. Samples with absorbance greater than that of the 2.00 
mg/L standard had an aliquot portion appropriately diluted which was then analyzed. Any 
nitrite that was present in the sample was analyzed as nitrate. 
According to the Iowa State University Analytical Services Laboratory, the process 
that was used to analyze total elemental phosphorus is as follows. This method was adapted 
from the EPA Methods and Guidance for Analysis of Water (April 1997), as EPA 821-C-97-
001. Samples were heated after the addition of sulfuric acid, K2S04 and HgS04 for 2.5 
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hours. After the residue cooled, it was diluted to 25 mL and was placed on an AutoAnalyzer 
for interpretation. 
Results and Discussion 
Nutrient Analysis 
Table 2.1 gives data on the average concentrations ofNHi-N, N03-N, and total P for 
the influent and effluent of the soil infiltration and wetland areas for each of the three 
treatments (full rate, % rate, and water) for 1998. This table shows that the treatments were 
applied every two weeks. The wetlands were also sampled on the weeks in between the 
treatment applications. Data on September 15 is missing due to a lack of water in the 
wetlands, which did not allow for sufficient sample. As discussed in the Materials and 
Methods section, water was added directly to the wetlands in 1999 to compensate for this 
lack of water. Results for the wetland effluent in the latter portion of the sampling period 
show higher NI!i-N and total P concentrations when compared to earlier samples. This may 
have been due to colder temperatures that could have made the microorganisms less active. 
It was for this reason that applications during the cold winter months were discontinued. 
Phosphorus appears to be accumulating in the soil for both the soil infiltration areas and the 
wetlands. The overall trend of increasing total P levels in the soil infiltration effluent over 
time for the full and % rate applications supports this hypothesis. 
Figure 2.9 gives the nutrient concentrations for the influent and effluent of both the 
soil infiltration and wetland areas for 1998, while Figure 2.10 shows the overall percent 
nutrient reductions for 1998. These figures show that the soil infiltration areas decreased the 
average NH4-N concentrations in the influent by about 91 %. This led to an approximate 97% 
increase in N03-N levels in the effluent from the soil infiltration areas. The wetland areas 
Table 2.1. Average nutrient concentrations for 1998 from the soil infiltration and wetland treatment system. 
INFILTRATION INFLUENT INFILTRATION EFFLUENT WETLAND EFFLUENT 
DATE TREATMENT NH,-N NOrN TOTALP NH,-N N03-N TOTALP NH,-N N03-N TOTALP 
July 28, 1998 full 1086.7 5.3 543.5 9.6 29.3 5.6 
3/4 588.7 9.1 226.1 19.2 39.1 11.2 
water 0.3 14.9 0 .3 1.0 30.1 0.3 
August 5, 1998 full 1.3 0.3 1.3 
3/4 2.1 0.3 0 .9 
water 0.8 0.3 0.7 
August 12, 1998 full 996.0 1.3 433.8 59.5 39.2 20.6 0.2 0.4 0.3 
3/4 898.7 3.8 321.0 46.4 62.7 19.6 1.0 0.2 0.5 
water 0.5 12.4 0 .1 0.1 8.8 0.2 1.6 0.5 0.8 
August 19, 1998 full I.I 0.5 2 .1 
3/4 0.5 0.5 3.2 
water 0.7 0.3 1.0 
August 25, 1998 full 1153.3 0.2 308.8 16.5 140.9 30.8 0.0 0.0 0.7 
3/4 980.0 I.I 292.1 90.8 136.7 49.7 0.1 0.0 4.6 
water 0.0 9.9 0 .1 0.0 4.0 0.1 0.0 0.0 4 .4 
September I , 1998 full 7.0 0.1 6.6 
3/4 6.7 0.1 5.6 
water 0.2 2.7 0.8 
September 8, 1998 full 513.3 0 .5 492.4 53.8 101.5 52.2 4.5 0.2 4.2 
3/4 379.7 1.8 346.0 71.6 154.2 74.6 3.5 0.3 1.8 
water 0.0 7.9 0 .1 0.0 2.2 1.2 0.0 0.1 2.5 O'I 
September 22, 1998 full 704.7 0.7 890.8 54.8 58.5 128.7 4.7 0.2 24.4 O'I 
3/4 0.0 12.2 0 .5 0.0 14.0 2.4 0.3 0.2 2 .3 
water 544.0 0.5 798.0 105.4 85.3 228.3 4.0 0.2 10.4 
September 29, 1998 full 4.1 0.2 7 .2 
3/4 6.6 0.2 8.3 
water 0.2 0.2 0.3 
October 6, 1998 full 723.0 0.7 407.2 42.6 62.0 216.8 1.5 0.0 1.8 
3/4 533.0 2.7 270.8 96.6 72.3 96. I 2.6 0.2 8.3 
water 0.0 4.2 0 .1 0.0 2.6 0.0 0.0 0.7 0 .0 
October 13, 1998 full 11.2 0.4 21.7 
3/4 16.3 0.3 19.4 
water 0.0 0.2 0.0 
October 21, 1998 full 1190.0 0.8 342.2 81.0 21.4 56.1 3.0 0.0 7 .9 
3/4 819.7 1.3 270.0 174.3 26.9 84.7 7.9 0.1 6.5 
water 0.0 11.8 0 .0 0.0 12.1 0.1 0.0 0.1 0.1 
October 27, 1998 full 14.8 0.2 10.9 
3/4 14.2 0.1 14.2 
water 0.0 0.1 0.5 
1998 AVERAGES full 909.6 1.4 488.4 54.0 64.7 73.0 2.3 0.1 6 .5 
3/4 677.7 2.9 360.6 86.3 82.4 80.6 3.2 0.2 5.4 
water 0.1 10.4 0 .2 0.2 10.5 0.6 0.3 0.2 1.7 
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decreased NHi-N levels by an average of93%, and N03-N levels by about 97%. Total P 
levels were decreased in the effluent in both the soil infiltration areas and wetlands by about 
81 % each. These results indicate that a combination of a soil infiltration and wetland area 
have the capacity to remove environmental contaminants, however, long-term studies are 
needed to determine the actual capacity for this type of technology. 
Figure 2.9 shows that the Nlii-N concentration in the% rate treatment is actually 
three-fourths of the full rate, demonstrating excellent mixing ofliquid manure and water. 
The NHi-N concentrations in the effluent from the infiltration areas were reduced by about 
91 %. The wetlands reduced these concentrations even further, by another 93%, when 
compared to the infiltration effluent. 
Only a small amount ofN03-N was present in the liquid swine manure that entered 
the infiltration areas, as shown in Figure 2.9. However, as discussed above, some N03-N 
was initially present in the water application treatment because of the nature of the source 
water. The N03-N levels increased dramatically by 97% in the infiltration area effluent 
when compared to the influent, supporting the hypothesis that nitrification has taken place in 
the aerobic portions of the soil. Wetlands further converted this N03-N through the 
denitrification process, reducing the concentrations ofN03-N in the effluent :from the 
wetlands by 97%. 
Total phosphorus levels were quite high in the infiltration area influent for the manure 
treatments, as shown in Figure 2.9. The effluent levels :from the soil infiltration areas show 
that about 81 % of the total P was adsorbed to the soil. The wetland areas reduced about 81 % 
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of what total P was left. This indicates that most of the total P was retained by this system of 
soil infiltration and wetland areas and very little total P would be available to enter surface 
water sources after treatment through this type of system. 
Figure 2.10 gives the overall nutrient reductions in the system. All nutrients were 
reduced quite significantly, except for N03-N in the soil infiltration effluent. As discussed 
above, this was due to a conversion of the NRi-N to N03-N. These reductions indicate that 
the use of soil infiltration areas and wetlands can effectively treat swine manure and can help 
in improving the overall quality of water resources and reduce other related environmental 
concerns. 
The data collected in 1999 is given in Table 2.2. Results are comparable to the 
previous year's data. Higher influent ammonium-N and total P levels occurred in 1999 and 
slightly higher nitrate-N influent concentrations were observed. Compared to 1998, effluent 
ammonium-N and nitrate-N levels were found to be quite similar, while total P levels were 
much lower. This trend correlates with the data given in Figures 2.11and2.12. Wetland 
effluent samples in 1999 had higher nitrate concentrations and lower ammonium-N and total 
P concentrations than those of 1998. Elevated levels of nitrate in the wetland effluent 
occurred because of the water application directly to the wetlands preceding sampling, which 
provided moisture and allowed for the samples to be taken. This application consisted of tile 
water, which contained high nitrate levels. 
Figure 2.11 gives the actual nutrient concentrations of the influent and effluent for the 
soil infiltration and wetland areas for 1999. These results are comparable to the results 
obtained in 1998. This figure clearly shows that the soil infiltration areas decreased the 
average NH4-N levels by about 94%, slightly higher than the 91 % reduction in 1998. The 
Table 2.2. Average nutrient concentrations for 1999 from the soil infiltration and wetland treatment system. 
INFILTRATION INFLUENT INFILTRATION EFFLUENT WETLAND EFFLUENT 
DATE TREATMENT NH4-N N01-N TOTALP NH,-N N01-N TOTALP NH,-N N01-N TOTALP 
June 2, 1999 full 1238.3 0.2 216.3 25.9 144.6 16.4 1.9 13.8 2.1 
3/4 943.3 0.2 171.7 11.3 115.6 8.3 1.2 14.9 2.6 
water 0.0 22.1 0.1 0.0 40.5 0.2 0.1 12.3 0.6 
June 9, 1999 full 6.1 204.7 6.6 6.3 4.0 1.7 
3/4 2.8 223.3 4.5 3.0 3.3 3.7 
water 0.1 50.6 0.3 0.3 3.1 I.I 
June 16, 1999 full 1650.0 0.5 850.7 38.1 121.4 1.6 0.0 8.0 8.1 
3/4 1776.7 0.2 854.3 370.5 58.7 25.0 0.0 27.6 19.5 
water 0.0 22.5 0.2 0.0 26.9 0.2 0.0 0.0 0.4 
June 23, 1999 full 18.4 163.3 13.I 0.0 8.4 1.2 
3/4 26.6 146.7 6.5 0.6 18.3 1.4 
water 0.0 18.2 0.4 0.0 7.7 0.2 
June 30, 1999 full 966.3 0.1 220.7 236.8 13.5 22.4 0.0 16.5 0.9 
3/4 717.0 0.1 133.3 74.7 127.4 20.2 0.0 17.6 1.0 
water 0.0 21.9 0.1 0.0 16.0 0 .1 0.0 12.6 0.1 
July 7, 1999 full 45.2 207.1 9.0 0.0 8.6 1.2 
3/4 28.I 286.6 8.2 0.1 7.5 1.5 
water 0.0 9.3 0.0 0.0 2.6 0.0 
July 14, 1999 full 835.0 0.2 1280.0 15.5 20.7 1.7 0.0 8.8 2.0 
3/4 779.7 0.1 730.0 3.8 133.0 2.9 0.0 8.3 2.0 
water 0.0 15.8 0.2 0.0 23.3 0.2 0.0 8.4 0.2 
-...) 
July 23, 1999 full 23.8 27.7 7.8 0.1 0.5 1.7 0 
3/4 8.0 154.0 6.5 0.0 2.4 1.6 
water 0 .0 7.4 0.1 0.0 0.0 0.8 
July 27, 1999 full 1390.0 0.1 724.3 101.9 2.1 201.3 0.9 15.6 0.6 
3/4 1506.7 0.0 426.0 304.9 0.1 63.9 1.4 12.8 0.8 
water 0.1 15.7 0.1 0.1 5.6 0 .1 0.8 13.4 0.4 
August4, 1999 full 61.3 0.0 9.0 0.0 4.6 0.8 
314 24.7 149.1 7.4 1.9 2.7 1.9 
water 0.0 8.1 0.1 0.0 1.7 0.3 
August 12, 1999 full 1880.0 0.1 2193.3 10.0 0.0 2.4 0.0 4.7 0.4 
3/4 1483.3 0.1 1446.7 81.7 0.3 18.2 0.0 0.7 2.2 
water 0.0 12.9 0.5 0.0 5.9 0.1 0.0 0.0 0.6 
August 18, 1999 full 133.3 0.0 35.7 0.0 0.4 0.5 
314 21.6 17.4 20.4 6.7 0.8 7.6 
water 0.0 2.7 0.1 0.0 0.3 0.3 
August 24, 1999 full 1473.3 0.1 1328.7 27.8 0.2 7.8 7.4 0 .0 6.2 
3/4 1563.3 0.0 855.7 219.1 0.1 52.8 5.6 2.5 5.5 
water 0.0 14.3 0.2 0.0 3.4 0.1 0.0 0.0 0.3 
August 31, 1999 full 47.7 0.6 3.1 0.0 5.6 0.3 
3/4 33.7 29.7 7.7 2.7 5.1 0.9 
water 0.0 3.1 0.1 0.0 2.2 0.3 
1999AVERAGES full 1347.6 0.2 973.4 56.6 64.7 24.1 1.2 7.1 2.0 
3/4 1252.9 0.1 659.7 86.5 103.0 18.0 1.7 8.9 3.7 
water 0.0 17.9 0.2 0.0 15.8 0.1 0.1 4.6 0.4 
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system for 1999. 
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Figure 2.12. Average percent reductions in the nutrient concentrations for the soil infiltration 
and wetland treatment system for 1999. 
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99% increase in N03-N levels in the effluent from the soil infiltration areas was also slightly 
higher than the value of 97% obtained in 1998. The wetland areas decreased NHi-N levels 
by an average of98%, and N03-N levels by about 90%, compared to 93% and 97%, 
respectively, in 1998. Total P levels were decreased in the soil infiltration areas by 97% and 
in wetlands by about 86%. These values do not compare to the 81 % reduction in both the 
soil infiltration and wetland areas in 1998. 
The percent nutrient reductions for 1999 are given in Figure 2.12. Results are similar 
to those obtained in 1998 for both ammonium-N and nitrate-N levels. Total P reductions, 
however, were found to be larger than those obtained in 1998 in the effluents of both the soil 
infiltration areas and wetlands. This may be due to the fact that the soil in the infiltration 
areas was disturbed and that additional soil was added to the infiltration areas, allowing more 
sites for adsorption. The wetland areas grew larger cattail plants in 1999, as compared to 
1998, possibly indicating greater plant uptake of phosphorus, as discussed later. 
Statistical analyses were performed on the data from 1998 and 1999 and the results of 
these analyses are given in Tables 2.3 and 2.4. These tables provide the means and least 
significant difference (LSD) for each set of data. These results indicate that the infiltration 
areas for both treatments (manure and% manure application rates) significantly reduced the 
ammonium-N concentrations in the influent in both years. Since ammonium-N 
concentrations in the water treatment were so low, the water treatment showed no significant 
differences among the ammonium-N levels. 
The statistical analyses shown in Tables 2.3 and 2.4 also clearly show that infiltration 
areas have significantly increased the nitrate-N and reduced the total P concentrations in the 
infiltration effluent. This increase in nitrate-N is due to the conversion of ammonium-N to 
73 
Table 2.3. Statistical analysis of the 1998 nutrient data from the soil infiltration and wetland 
system. Means with the same letter in each set of data are not significantly different. 
AMMONIUM-N CONCENTRATIONS, mg/L 
Manure 3/4 Manure Water 
LSD=60.23 LSD=52.15 LSD=0.26 
Influent 875.6 a 657.9 a 0.3 a 
Effluent 52.7 b 86.l b 0.2 a 
Wetland 4.4 b 5.5 c 0.2 a 
NITRATE-N CONCENTRATIONS, mg/L 
Manure 314 Manure Water 
LSD=23.72 LSD=15.43 LSD=3.90 
Influent 1.3 b 2.9 b 10.5 a 
Effluent 61.8 a 76.9 a 10.5 a 
Wetland 0.2 b 0.2 b 0.5 b 
TOT ALP CONCENTRATIONS, mg/L 
Manure 314 Manure Water 
LSD=63.84 LSD=55.ll LSD=0.60 
Influent 488.4 a 360.6 a 1.0 a 
Effluent 74.6 b 81.1 b 0.5 ab 
Wetland 7.4 c 7.1 c 0.2 b 
nitrate-N. Wetland areas have further significantly reduced the nitrate-N and total P 
concentrations. These analyses statistically prove the hypothesis that a soil infiltration and 
wetland system can significantly reduce the concentrations of arnmonium-N, nitrate-N, and 
total P from the liquid swine manure. 
Soil Analysis 
As a supplement to the nutrient concentration testing, soil samples were taken from the 
infiltration areas, at depths of 0-10 cm (0-4 in) and 10-20 cm ( 4-8 in), and from the wetland 
areas, to a depth of 0-10 cm (0-4 in). Only one composite sample was taken from the 
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Table 2.4. Statistical analysis of the 1999 data from the soil infiltration and wetland system. 
Means with the same letter in each set of data are not significantly different. 
AMMONIUM-N CONCENTRATIONS, mg/L 
Manure 3/4 Manure Water 
LSD=87.21 LSD=l02.31 LSD=0.07 
Influent 
Effluent 
Wetland 
1344.5 a 
58.3 b 
1.6 b 
1263.9 a 
79.6 b 
1.8 b 
NITRATE-N CONCENTRATIONS, mg/L 
Influent 
Effluent 
Wetland 
Manure 3/4 Manure 
LSD=27.02 LSD=32.01 
0.2 b 0.1 b 
64.9 a 
7.1 b 
103.0 a 
8.9 b 
TOT ALP CONCENTRATIONS, mg/L 
Manure 3/4 Manure 
LSD=l68.30 LSD=98.44 
Influent 973.4 a 659.7 a 
Effluent 22.1 b 18.4 b 
Wetland 2.0 b 3.7 b 
0.0 a 
0.0 a 
0.1 a 
Water 
LSD=5.54 
17.9 a 
15.8 a 
4.6 b 
Water 
LSD=0.14 
0.2 b 
0.2 b 
0.4 a 
wetland area because the wetland soil was very difficult to extract. Soil samples were taken 
prior to any applications in 1999, denoted as "Day 1 ", and at the end of the experiment in 
1999, denoted as "Day 2". Soil samples were not taken in 1998 because of a limited time 
frame in which to work with for that year. 
The results for the statistical analysis of the soil samples are given in the Appendix. 
Statistical analyses were performed on the soil data in order to determine what effects the 
manure applications have on the soil. The analyses examined the treatment differences 
among the different sample areas and the differences between the sampling dates. The 
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results of these analyses are given in Appendix Table 1, Table 2, Table 3, Table 4, and Table 
5. These tables provide data on phosphorus, potassium, and nitrogen concentrations in the 
soil, given in ppm, as well as the soil pH, and soil organic matter levels as a percent. The 
information given in the tables provides the mean and gives the least significant difference 
(LSD) for each set of data. 
Table 1 and 2 give information comparing the treatment differences on Day 1 and 
Day 2, respectively. These tables show little differences among the treatments in the 
wetlands for phosphorus, potassium, nitrogen, pH, and organic matter values. The 
infiltration areas exhibit more significant differences among treatments. Overall, the manure 
and% manure application rates maintained significantly higher values when compared to the 
water treatment. 
Tables 3, 4, and 5 show differences between the sampling dates as a function of the 
full, % rate, and water treatments, respectively. The prevalent conclusion to be obtained 
from these three tables is that significant differences between the two sampling dates do 
occur in most of the measured parameters. This rule even applies to the water treatment, 
however, the least significant differences in the parameters for this treatment are substantially 
lower than in the full and % rate treatments, which is the basis for this discrepancy. 
Bacteria Analysis 
Bacteria levels were also sampled, however, on a somewhat limited basis. Samples 
were taken once a month in June, July, and August of 1999. The August data was not 
deemed acceptable to report because of procedural errors. Statistical analyses were 
performed on the June and July data, which consisted of data on Escherichia coli (E. coli), 
fecal coliform bacteria, and fecal Streptococcus bacteria (fecal strep). The analyses were 
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performed on the bacterial results to determine the differences between the infiltration 
influent, infiltration effluent, and wetland areas. 
The results of the statistical analyses performed on the bacterial data are given in 
Table 2.5. This table provides the mean and least significant difference (LSD) for each set of 
data. All data which was recorded as "Too Numerous to Count", or TNTC, was denoted as 
500 cfu/100 mL. Table 2.5 shows that in general, levels of bacteria in the influent, effluent, 
and wetland areas were not significantly different. The % manure treatment is the only one 
that exhibited differences. The low (<0.05) P>CHISQ value for E. coli indicates that there 
may be overall differences between the three sampling areas, however, high (>0.05) 
P>CHISQ values in the other two bacteria indicate little overall differences between the 
areas. 
The bacterial data are also presented graphically in Figure 2.13. This figure gives the 
average for each type of bacteria in each treatment. Clearly, this data shows heavier 
GOncentrations of bacteria in the infiltration area influent for the full and % rate treatments. 
Somewhat reduced levels of bacteria were detected in the wetlands for the % rate treatment. 
These data correspond to what was determined in the statistical analyses. The water 
treatment provided a background level of bacteria with which to compare, indicating that 
bacteria do naturally occur within any system, and also indicating that sampling and testing 
techniques may not be thoroughly sterile. For bathing waters, the EPA recommends a 
minimum of five samples over a 30-day period, having a fecal coliform bacterial level not in 
excess of a log mean of 200 per 100 mL, nor should more than 10 percent of the total 
samples taken during any 30-day period exceed 400 per 100 mL. (US EPA, July 1976). 
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Table 2.5. Statistical analysis of bacterial levels among the three treatments. 
Means with the same letter in each set of data are not significantly different. 
Input 
Output 
Wetland 
Input 
Output 
Wetland 
Input 
Output 
Wetland 
E. COLI, cfu/1 OOmL 
P>CHISQ=0.0114 
Manure 3/4 Manure 
LSD=101 .87 LSD=139.02 
500.00 a 500.00 a 
500.00 a 500.00 a 
407.50 a 330.83 b 
FECAL COLIFORM, cfu/1 OOmL 
P>CHISQ=0.3008 
Manure 3/4 Manure 
LSD=332.98 LSD=0.00 
166.70 b 500.00 a 
500.00 a 500.00 a 
500.00 a 500.00 a 
FECAL STREP, cfu/100mL 
P>CHISQ=0.2696 
Manure 3/4 Manure 
LSD=87.02 LSD=156.20 
500.00 a 500.00 a 
450.00 a 416.67 a 
500.00 a 466.67 a 
Water 
LSD=229.43 
271 .30 a 
390.80 a 
190.80 a 
Water 
LSD=325.57 
108.70 a 
167.30 a 
200.00 a 
Water 
LSD=183.73 
132.33 b 
381 .00 a 
433.33 a 
Figure 2.14 shows that the excessive fertilization provided by the manure treatment 
caused exceptional growth of the cattails. Wetland numbers 1, 2, and 4 (numbering proceeds 
from right to left) all received the full manure treatment. The % rate treatment of wetland 
container numbers 6, 7, and 8 also exhibit this phenomenon, although not to the great extent 
as that of the full rate treatment. The control treatment, or water application, of wetland 
container numbers 3, 5, and 9, showed substantially less growth. This shows that nutrients 
present in the swine manure are rapidly utilized by the plants, offering another way to harvest 
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Figure 2.14. View of cattail height differences among treatments. 
the nutrients from the manure. No actual measurements of this phenomenon were 
determined. 
Several problems were noted with this experiment. The quality of the manure that 
was applied to the system, particularly in 1998, may have caused some variation within the 
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samples. Weekly applications ofN~-N concentrations often fluctuated. Some samples 
contained extremely high concentrations (about 2000 mg/L ofN~-N), while others had 
significantly lower amounts (about 450 mg/L ofN~-N). At these low ammonium-N levels, 
each application provided only 84 and 62 kg/ha of nitrogen (75 and 56 lb/ac of nitrogen). 
These rates are quite low compared to cropland application rates, but are acceptable because 
of frequent applications. 
Infiltration problems were a source of concern, especially towards the latter portion of 
1998 and all of 1999. A layer of manure solids over the top of the infiltration area prevented 
adequate infiltration. Figure 2.15 shows an example of this crusting problem. It was for this 
reason that the infiltration areas were tilled in the beginning of 1999. In 1999, manure with a 
higher solids concentration made infiltration rates very slow, allowing for evaporation of the 
manure, and lessening the volume of the effluent. Tillage and/or deep-rooted grasses may be 
the only solution to eliminate this problem, unless removal of the top layer is feasible. 
Another difficulty revolves around the volumetric determination of the infiltration 
and wetland effluents. Input volume is known, however, the apparatus as shown in Figures 
2.6a and 2.6b do not allow for a very accurate volumetric analysis. Precipitation was also not 
accounted for, which is also a source of concern. Future studies that incorporate solutions to 
these problems are necessary. 
Results from both 1998 and 1999 indicate that N~-N and N03-N levels are 
consistently being reduced in the system. Phosphorus may build up to a high level, which 
may cause future problems when a majority of the soil adsorption sites are filled. Further 
research will provide us with the answers to these problems. The current results look quite 
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Figure 2.15. Infiltration containers infiltrated very slowly due to crusting and accumulation 
of the manure. 
promising, and can give insight as how to remediate the problems caused by the excessive 
production of animal waste. 
Conclusions 
The main processes that are occurring in this experiment are nitrification in the soil 
infiltration areas, and denitrification in the wetland areas. In order to reduce initial NRi-N 
concentrations in the manure that enter the wetlands, it is essential that direct applications of 
liquid swine manure be treated with a mechanism such as a soil infiltration area. Wetlands 
are capable of converting initial NRi-N to N03-N through a limited aerobic zone. It is, 
however, important to note that the conversion of a large amount ofNHi-N to this extent 
would not be possible with only wetlands. The NRi-N concentrations in the infiltration 
influent would be toxic to wetland plants. It is also recommended that liquid swine manure 
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that is very high in solids be diluted to a consistency similar to that of the % rate. This 
treatment seemed to provide for better infiltration than the full rate. 
Phosphorus adsorption occurs in both the soil infiltration and wetland areas. 
Phosphorus does accumulate in the soil, which may cause future problems once the soils 
become saturated with phosphorus. This may be the reason for increased phosphorus levels 
exiting the wetlands over time and for the increasing trend of phosphorus levels in the 
infiltration effluent over time, as shown in Table 2.1. As mentioned above in the Results 
section, total P reductions in 1999 were found to be greater than 1998 in the infiltration areas, 
which may be due to the fact that more sites were initially available for adsorption. 
Statistical analysis results confirm that there are differences among the infiltration 
influent, infiltration effluent, and wetland effluent for the NHi-N, N03-N, and total P. The 
phosphorus, potassium, nitrogen, pH, and organic matter levels in the soil exhibited 
significant statistical differences among the three treatments, and especially between the two 
sampling dates. Statistical analyses performed on bacterial levels showed few differences 
between the influents and effluents for the soil infiltration and wetland system. 
The results of this study clearly show that a soil infiltration and wetland system will 
perform well for the treatment of liquid swine manure. Swine manure can be applied to a 
wetland treatment system if it is first treated using a soil infiltration area. In doing this, 
NHi-N, N03-N, and total P levels could be decreased by anywhere from 81%-99%. Future 
studies and more research will provide us with better answers to make specific and final 
conclusions. Until then, current research looks very favorable and the results reassure us that 
wetlands are an excellent resource, and have a great potential to provide us with a better 
technique for waste management. 
--------------------·---·------------------~ 
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CHAPTER 3. TREATMENT OF LIQUID SWINE MANURE THROUGH THE USE 
OF SOIL COLUMNS1 
A paper to be submitted to Applied Engineering in Agriculture for Publication 
Shannon R. Prantner, Ramesh S. Kanwar, Jeffery C. Lorimor, 
Richard M. Cruse, and Carl H. Pederson2 
Abstract 
Laboratory experiments were conducted to determine the effectiveness of soil 
columns in the removal of ammonium-N, nitrate-N, and total P from liquid swine manure. 
This experiment was performed to compliment the ongoing field study which utilizes a soil 
infiltration area and wetland system to better manage the large amount of liquid swine 
manure produced. Fifteen soil columns were assembled, and were used to conduct the 
experiment as five different manure management treatments. These treatments consisted of 
applications of liquid swine manure and water, administered to the soil columns at different 
time intervals. These time intervals were designed in attempts to mimic actual field 
situations that could be encountered. Nutrient and bacterial levels were monitored in the 
influent, prior to each application, and in the effluent, after each application. 
Results ofthis study indicate that 99% of the ammonium-N from the manure 
application was removed in the soil columns. Nitrate-N levels were increased by an average 
of 71 % in the effluent from the soil columns. Influent total P levels were reduced by 99% 
when compared to the influent. These results verify the hypothesis that soil infiltration areas 
'Journal Paper No. Jxxxxx of the Iowa Agriculture and Home Economics Experiment Station, Ames, Iowa, Project No. 3415. Research was 
partly supported with funding from the Leopold Center for Sustainable Agriculture, Ames, Iowa, the CSREES-USDA Project on Management 
Systems Evaluation Areas (MSEA), and the state oflowa through the Agriculture Experiment Station. 
2 The authors are: Shannon R. Prantner, Graduate Research Assistant; Ramesh S. Kanwar, Professor and Assistant Director of the 
Agricultural Experiment Station; Jeffery C. Lorimor, Assistant Professor; Richard M. Cruse, Professor; and Carl H. Pederson, Research 
Associate. Department of Agricultural and Biosystems Engineering, Iowa State University, Ames, Iowa, 50011. 
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do work as a mechanism for waste treatment. Long-term results in such a system have not 
been assessed in this experiment, however, the positive results given by such a system 
necessitate further studies. 
Introduction 
Over the past century, the introduction of technology such as large-scale hog 
confinement operations has drawn much attention to the arena of waste disposal and 
treatment. Substantial money and research have been invested in order to remedy an ever-
increasing problem. No simple solution has been devised which would result in a low-cost, 
low-maintenance, and effective means to deal with animal waste. Experiments such as this 
are key to developing new technology and implementing new ideas. 
Historically, treatment of human and animal wastes has been through land 
application. This form of waste disposal is simply the easiest method of getting rid of 
wastes. Pound and Crites (1973) mention that Greeks applied wastes onto land in Athens. 
Sewage farming was also a common practice in England in the 1700s, according to Pound 
and Crites (1973). This is an alternative to treatment through constructed wetlands. In a 
treatment system encompassing only wetlands, however, it has become necessary to use a 
type of pretreatment to lessen the loads applied to wetlands. 
The main process that occurs in the soil infiltration area is the conversion of 
ammonium to nitrate by the aerobic bacteria, Nitrosomonas and Nitrobacter. The principle 
reason for the use of soil infiltration areas is because aerobic bacteria dominate in such areas. 
The conversion of the ammonium ion to nitrate ion results in a change from a relatively 
immobile form to a water-soluble form, which is easily leached through the soil profile 
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(Weed, 1992). After nitrification has occurred and the nitrate has infiltrated through the soil, 
the water containing high nitrate levels could enter the wetlands for further conversions. 
Phosphorus is usually removed from the wastewater, but accumulates in the 
sediments and biomass, and is often sorbed to the soil. Both organic and inorganic (H2P04-
and HPO/) forms of phosphorus occur in the soil. The plant uptake of H2P04- is more rapid 
than the uptake of HPO/-(Tisdale et al., 1993). The phosphate ion concentration is often 
immobilized through biological factors and through reactions with the mineral fraction of 
soils (Tisdale et al., 1993). Insoluble compounds can be formed by reactions between 
orthophosphates and polyphosphates with iron and aluminum. Tisdale et al. (1993) also 
mentions that soluble forms react with soils high in clay, especially those with iron and 
aluminum. The plant availability of these soluble phosphates is reduced by the high calcium 
levels in most basic soils, rendering the phosphorus insoluble and forming a precipitate. 
The objective ofthis experiment was to mimic actual field conditions where soil 
infiltration areas are used to remove ammonium-N and total P from liquid swine manure, in 
the laboratory setting. A secondary objective is to confirm the results obtained in a previous 
soil infiltration and wetland experiment. As part of an alternative swine manure management 
system, ammonium-N, nitrate-N, total P, and bacterial levels were examined as a function of 
different manure and water application rates, in order to determine the maximum acceptable 
application rates to soil infiltration areas. 
Materials and Methods 
Column Assembly 
This soil column study utilized soil obtained from the Iowa State University 
Agronomy and Agricultural Engineering Research Center, near Boone, Iowa. Figure 3.1 
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shows the location ofthis experimental site. The Clarion soil (Soil Survey #138B) was 
excavated using a grave digger. The area within the Iowa State University Agronomy and 
Agricultural Engineering Research Center where the soil was dug is shown in Figure 3.2. 
The machine dug soil out in seven increments of 15 cm (6 in) each, down to a total depth of 
107 cm (42 in). The soil was transported to a shed at the same research center. After 
spreading out the seven piles on concrete slabs, the soil was allowed to dry for one week. 
After the drying period, each pile of soil was crushed in a soil grinder to pulverize the peds to 
sizes ofless than one centimeter. The lower layers of the profile required more grinding than 
the upper layers. Rocks in this glacial till material also caused problems during the soil 
grinding process, and most of them were removed for ease in grinding. 
The soil columns were constructed from poly-vinyl chloride (PVC) Air-Duct pipes, 
with each column having a diameter of20 cm (8 in). Each pipe was cut into lengths of 112 
cm ( 44 in). Fitted PVC caps had one hole tapped into the side, near the bottom. The caps 
were fitted onto one end of each column. A hose barb was screwed into the outside of the 
cap, while a 2.5 cm (1 in) perforated piece of PVC was screwed into the inside. This 18 cm 
(7 in) PVC pipe was covered with a fiberglass material to avoid clogging of the pipe. After 
the pipes and caps were assembled, silicone caulking was placed around the pipe/cap 
interface and around the hose barb to prevent leakage. 
The design of this soil column study mimicked the one described by Fuller and 
Warrick (1985). The soil columns were filled by first calculating the bulk density of each 
15-centimeter layer. This was accomplished from studying published data, as given in the 
Soil Survey of Boone County (1977) and a thesis written by Thaddeus Hardeman (1997), 
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Figure 3.1. Location of the Iowa State University Agronomy and Agricultural Engineering 
Research Center in relation to Ames, Boone, and Des Moines. 
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Figure 3.2. Site where soil was excavated in "Field 5" at the Iowa State University 
Agronomy and Agricultural Engineering Research Center. 
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which analyzed the bulk density of the soil from the same soil series, in the same field. The 
weight of each layer was then determined. Table 3 .1 gives the weights of each soil layer, 
calculated according to bulk density. 
The columns were filled with approximately 2.5 cm (1 in) of sand, in order to cover 
the drainage pipe and the bottom, and to allow for adequate drainage. The columns were 
then filled with consecutive soil layers according to the proper weights of soil. Each soil 
layer was vibrated down until it reached a satisfactory depth within the column, which took 
between five and fifteen minutes. This was accomplished through the use of a vibrating 
table, shown in Figure 3.3. Table 3.2 shows the depths of the soil layers within all 
soil.columns. Note that in this table, a row entitled secondary vibrating depth is present for 
some columns. This is because not all columns reached an acceptable final soil depth, and 
were consequentially placed back on the vibrating table for 15 minutes to an hour, in order to 
Table 3.1. Physical properties of the soil excavated in layers from the Agronomy and 
Agricultural Engineering Research Center. 
Thickness of soil layer, Bulk density, Weight of soil in each 
cm g/cm3 layer, kg 
0-15 1.40 6.919 
15-30 1.43 7.043 
30-46 1.45 7.166 
46-61 1.50 7.413 
61-76 1.58 7.784 
76-91 1.63 8.031 
91-107 1.70 8.402 
Table 3.2. Data on the depths of the layers in the soil columns. 
Depth of Each Layer (cm) 
Approximate 1 2 3 4 5 6 7 8 
Layer6 109.22 109.22 109.22 109.22 109.22 109.22 110.49 109.22 109.22 
Layer5 93.98 93.35 93.35 93.35 92.71 93.35 92.08 91 .44 91 .44 
Layer4 78.74 76.84 76.84 76.84 76.84 76.84 76.20 74.93 74.93 
Layer 3 63.50 60.96 60.96 60.33 60.33 60.96 59.06 58.42 57.79 
Layer2 48.26 43.18 43.18 42.55 43.18 43.18 41 .28 39.37 40.64 
Layer1 33.02 27.94 27.94 27.94 27.94 27.94 26.67 22.86 25.40 
17.78 12.70 13.34 12.70 12.70 12.70 11.43 8.89 11 .43 
Secondary --- 15.24 13.34 13.97 --- 14.61 13.97 19.05 
00 
Depth of Each Layer (cm) \0 
Approximate 9 10 11 12 13 14 15 
Layer6 109.22 109.22 109.22 107.95 108.59 111 .13 111 .13 110.49 
Layer 5 93.98 91 .44 92.71 92.71 91 .44 92.08 91.44 92.08 
Layer4 78.74 74.93 76.84 74.93 76.84 75.57 74.93 75.57 
Layer 3 63.50 58.42 60.33 57.79 60.96 59.06 58.42 59.06 
Layer2 48.26 41 .91 42.55 41 .28 43.18 41 .28 41 .91 42.55 
Layer1 33.02 26.04 27.31 25.40 27.94 25.40 27.31 29.21 
17.78 12.07 12.70 11 .43 13.34 10.16 12.70 14.61 
Secondary 13.34 --- 12.70 --- 13.97 
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reach the goal of over 13 cm ( 5 in) of free board. Also note that even though seven layers of 
soil were collected, only six were used to allow for freeboard, and to provide room for the 
manure application. 
A table was set up to accommodate all fifteen soil columns, as seen in Figure 3.4. 
The sampling order of each column (treatment number) was randomly assigned to the 
column as each was being filled through the use of a random number generator. Nalgene 
tubing was placed over each hose barb. All pieces of tubing were connected through a 
system of tubing and T-connectors. This system was then attached to a reservoir of water. 
Water was allowed to slowly enter the columns, in an attempt to rehydrate the columns. 
Problems were encountered due to leakage of the soil columns where the caulking was 
placed. The caulking was removed, the columns were drained, and PVC primer and cement 
were placed on the leaky interface. Leakage problems still occurred, so epoxy was placed 
on the seam, after the columns were again drained. No leakage problems occurred, so the 
columns were connected to the water reservoir and allowed to slowly saturate. The water 
was allowed to drain after water had visibly ponded at about 1 cm on the surface of the soil 
column. Figure 3.4 shows the columns as they are being rehydrated. 
Experimental Treatments 
Application rates were set in order to determine maximum application rates that could 
be applied to a plot of land. Treatments consisted of applications of manure and water, or 
"rain", which would mimic actual situations that could be encountered in a field situation. In 
each treatment, applications ofliquid swine manure weighed 1.891 kg. This weight of 
manure was applied with the assumption that approximately 50% of the soil in the column 
was pore space, and of that pore space, only 118 was available to be filled with liquid swine 
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Figure 3.3. Columns were filled and were then vibrated down on the vibrating table. 
Figure 3.4. Photograph of columns as they are being saturated. 
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manure. This equaled about 1.891 kg (0.5 gal). Similar weights of rain, or water, were 
applied because of a need for equal application rates, which was approximately two inches. 
The "rain" was a water application, which was simply tap water manually poured on 
the top of the soil columns. The liquid swine manure was obtained from the Iowa State 
University Bilsland Memorial Swine Breeding Research Unit, about 11 km (7 mi) from the 
experimental site. The manure was drawn from a pig growing facility storage pit. Manure 
was transported and stored in sealed 19 L (5 gal) buckets, which would be used throughout 
the experiment. This was done to ensure that the manure application would be homogeneous 
and similar in characteristics such as nutrient levels. The buckets were sealed tightly, with 
the assumption that little ammonia would volatilize, providing consistent application rates. 
As mentioned above, the columns were numbered as they were filled with soil, and were then 
reassigned a number that corresponded to the proper treatment. 
The first treatment consisted of column numbers 1, 2, and 3 and received a manure 
application on Day 1, with an immediate rainfall application 6 hours after the manure was 
applied. In the second treatment, manure was applied on Day 1 to columns 4, 5, and 6, with 
a rain the following day. The third treatment, columns 7, 8, and 9, received manure on Days 
1 and 2, and rain on Day 3. Treatment number 4, consisting of columns 10, 11, and 12, 
received manure on Day 1, rain on Day 3, and manure on Days 4 and 5. Treatment 5 
consisted of columns 13, 14, and 15, and received manure on Days 1, 2, 3, 4, and 5. Rain 
was applied to all of the columns on Days 6 and 7. Table 3.3 summarizes the treatments 
described here. 
Samples were taken prior to each application and 24 hours after each application. 
The exception to this was in Treatment 1, where effluent samples were taken six hours after 
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Table 3.3. Soil Column Treatments. 
DAY Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 
(1, 2, 3) (4, 5, 6) (7, 8, 9) (10, 11, 12) (13, 14, 15) 
1 Manure/Rain Manure Manure Manure Manure 
2 Rain Manure Manure 
3 Rain Rain Manure 
4 Manure Manure 
5 Manure Manure 
6 Rain Rain Rain Rain Rain 
7 Rain Rain Rain Rain Rain 
Rain was applied about 6 hours after initial manure application. 
application, and then at 24 hours after application because of the immediate rainfall which 
was applied. Samples were analyzed for ammonia-N, nitrate-N, total phosphorus, and 
bacterial levels. 
Chemical Analysis 
The American Public Health Association, Method 4500-NH3 - A (1992) lists the 
technique for the analysis of ammonia analysis as follows. The ammonia-selective electrode 
uses a hydrophobic gas-permeable membrane to separate the sample solution from an 
electrode internal solution of ammonium chloride. Dissolved ammonia (NH3(aq) and NHi +) is 
converted to NH3(aq) by raising pH to above 11 with a strong base. NH3(aq) diffuses through 
the membrane and changes the internal solution pH that is sensed by a pH electrode. The 
fixed level of chloride in the internal solution is sensed by a chloride ion-selective electrode 
that serves as the reference electrode. Potentiometric measurements are made with a pH 
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meter having an expanded millivolt scale or with a specific ion meter. The NH3 measured 
here theoretically measures the NILt + levels, which was the goal for this experiment. The pH 
meter, an Orion, model 290A, provided results given directly as concentration measurements. 
The ammonia electrode, also produced by Orion, was model number 95-12. The strong base 
which was added was an Ionic Strength Adjustor (ISA), consisting of a SM NaOH I 0.5M 
Disodium EDT A I 10% methanol solution with a color indicator added. 
According to the American Public Health Association, Method 4500-N03 - F (1992), 
adapted by Loren Shiers (September 1999), and with additional amendments added, the 
method that was used to analyze the nitrate levels in the samples is as follows. The nitrate-N 
(N03-N) and nitrite-N (N02-N) were analyzed by the automated cadmium reduction method 
using a Technicon Autoanalyzer II, automated ion analyzer. Nitrate was reduced to nitrite by 
a cadmium/copper column. Nitrite was diazotized by sulfanilamide and then reacted with N-
(1-naphthyl)-ethylenediamine dihydrochloride at a pH of 8.5 to form a colored (pink to red) 
azo dye. The dye's absorbance was measured at a wavelength of 520 nm. Nitrate-N and 
nitrite-N concentrations in samples were determined by comparing sample absorbance with 
those obtained form a calibration curve comprised of standards containing nitrate-N 
concentrations of 0.125 to 2.00 mg nitrate-NIL. Samples with absorbance greater than that of 
the 2.00 mg/L standard had an aliquot portion appropriately diluted which was then analyzed. 
Any nitrite that was present in the sample was analyzed as nitrate. 
According to the Iowa State University Analytical Services Laboratory, the process 
that was used to analyze total elemental phosphorus is as follows. This method was adapted 
from the EPA Methods and Guidance for Analysis of Water (April 1997), as EPA 821-C-97-
001. Samples were heated after the addition of sulfuric acid, K2S04 and HgS04 for 2.5 
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hours. After the residue cooled, it was diluted to 25 mL and was placed on an AutoAnalyzer 
for interpretation. 
Results and Discussion 
Nutrient Analysis 
The ammonium-N, nitrate-N, and total P levels are summarized by each treatment, as 
shown in Figure 3.5, which gives the treatment averages for all five of the treatments. The 
averages are given for the manure influent, the water influent, the manure effluent, and the 
water effluent. As anticipated, the manure influent had very high levels of ammonium-N and 
total P, and low levels of nitrate, in all treatments. Low levels of nitrate were present in the 
water influent. Elevated levels of nitrate were present in the effluent, indicating a conversion 
from ammonium-N to nitrate-N due to the manure application. 
Table 3.4 shows the percent changes for the three nutrients in each treament. Clearly, 
ammonium-N and total P levels were exceptionally reduced through the soil column. It is 
anticipated that such high numbers would be decreased if the experiment had been performed 
for a longer time interval. Negative numbers in the nitrate-N column indicate an increase, 
rather than a reduction. This is due to the conversion of ammonium-N to nitrate. This trend 
is one that was anticipated, and would probably result similarly in a long-term study. 
Statistical analyses were performed on the nutrient levels among the five treatments. 
The influent versus the effluent of both water and manure applications were compared in 
each treatment. Table 3.5 gives the mean and least significant difference (LSD) for each data 
set. Table 3.5 indicates that for the ammonium-N and total P concentrations, the manure 
influent was statistically different from the manure effluent, water influent, and water 
effluent. The nitrate concentrations yielded more irregular results due to increased 
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Figure 3.5. Average nutrient concentrations, given in mg/L for influents and 
effluents for both water and manure applications, for all treatments. 
Table 3.4 Percent change in the nutrient concentrations for the soil column study. 
PERCENT CHANGE 
Ammonium-N Nitrate-N Total P 
TREATMENT 1 -99.99 +64.60 -99.98 
TREATMENT2 -99.99 +76.60 -99.98 
TREATMENT3 -99.98 +59.53 -99.96 
TREATMENT4 -99.99 +89.27 -99.96 
TREATMENTS -99.99 +64.39 -99.92 
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Table 3.5. Statistical analysis of nutrient levels among the five treatments. 
Means with the same letter in each set of data are not significantly different. 
AMMONIUM-N 
Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 
LSD=0.185 LSD=0.191 LSD=2.351 LSD=48.246 LSD=45.208 
Manure Influent 762.0 a 762.0 a 757.5 a 758.7 a 754.8 a 
Manure Effluent 0.0 b 0.0 b 0.1 b 0.0 b 0.0 b 
Water Influent 0.2 b 0.2 b 0.1 b 0.2 b 0.2 b 
Water Effluent 0.0 b 0.0 b 0.0 b 0.0 b 0.0 b 
NITRATE-N 
Treatment 1 Treatment 2 Treatment 3 Treatment4 Treatment 5 
LSD=4.262 LSD=6.957 LSD=3.348 LSD=8.944 LSD=4.139 
Manure Influent 0.1 b 0.1 b 0.2 b 0.2 c 0.2 b 
Manure Effluent 2.4 ba 1.0 b 0.6 b 10.9 ba 5.6 a 
Water Influent 2.6 ba 2.6 b 2.7 b 2.7 be 2.2 ba 
Water Effluent 5.3 a 10.4 a 6.6 a 16.5 a 1.2 b 
TOTALP 
Treatment 1 Treatment 2 Treatment 3 Treatment4 Treatment 5 
LSD=0.023 LSD=0.018 LSD=l0.409 LSD=89.440 LSD=87.587 
Manure Influent 242.0 a 242.0 a 262.0 a 378.0 a 343.6 a 
Manure Effluent 0.0 b 0.0 b 0.0 b 0.1 b 0.1 b 
Water Influent 0.0 b 0.0 b 0.0 b 0.0 b 0.0 b 
Water Effluent 0.0 b 0.0 b 0.1 b 0.1 b 0.2 b 
concentrations of nitrate in the effluents. 
Statistical analyses were also performed to compare only the manure effluent and the 
water effluent among treatments, given in Table 3.6. The combined manure and water 
effluent was also compared among treatments. The means and least significant difference 
(LSD) for each data set are given. For the ammonium-N concentrations, the treatments were 
not significantly different when comparing the manure effluents and combined effluents. The 
water effluent in Treatment 1 was different from Treatment 3, 4, and 5. 
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Table 3.6. Statistical analysis of nutrient levels among the five treatments. 
Means with the same letter in each set of data are not significantly different. 
AMMONIUM-N 
Manure Water Combined 
Effluent Effluent Effluent 
LSD=0.1773 LSD=0.0031 LSD=0.0695 
Treatment 1 0.0 a 0.0 a 0.0 a 
Treatment 2 0.0 a 0.0 ba 0.0 a 
Treatment 3 0.1 a 0.0 b 0.1 a 
Treatment4 0.0 a 0.0 b 0.0 a 
Treatment 5 0.0 a 0.0 b 0.0 a 
NITRATE-N 
Manure Water Combined 
Effluent Effluent Effluent 
LSD=9.1086 LSD=8.7924 LSD=6.0222 
Treatment 1 2.4 ba 5.3 be 4.6 b 
Treatment 2 1.0 b 10.4 ba 8.0 ba 
Treatment 3 0.6 b 6.6 be 4.2 b 
Treatment 4 10.9 a 16.5 a 13.7 a 
Treatment 5 5.6 ba 1.2 c 4.4 b 
TOTALP 
Manure Water Combined 
Effluent Effluent Effluent 
LSD=0.0749 LSD=0.0475 LSD=0.0456 
Treatment 1 0.0 a 0.0 c O.Ob 
Treatment 2 0.0 a 0.0 c 0.0 b 
Treatment 3 0.0 a 0.1 b 0.1 b 
Treatment 4 0.1 a 0.1 b 0.1 ba 
Treatment 5 0.1 a 0.2 a 0.1 a 
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In the nitrate-N analysis, Treatment 4 was significantly higher than the rest of the 
treatments in the manure effluent. For the water effluent, Treatment 4 significantly differed 
from Treatment 5 and from the other treatments. In the combined effluent, Treatment 4 
again differed from the rest of the treatments. For the total P analysis, no significant 
differences between treatments in the manure effluent was discovered. In the water effluent, 
Treatment 5 differed from Treatment 3 and 4, which also differed from Treatments 1 and 2. 
In the combined effluent, Treatment 5 was significantly higher than the rest of the treatments. 
Bacterial Analysis 
Figures 3.6, 3.7, 3.8, 3.9, and 3.10 graphically demonstrate the means of the bacterial 
levels in each treatment, divided into manure and water applications to develop a better 
understanding of the processes occurring within the soil columns. The influent and effluent 
colony forming units per 100 milliliters (cfu/lOOmL) were measured for two sets of bacteria 
in this experiment-Escherichia coli (E. coli) and Fecal Streptococcus (fecal strep). In all of 
the charts, data which resulted in samples that were "Too Numerous To Count", or TNTC, 
were denoted as 500 cfu/100 mL. 
Statistical analyses were performed to determine any statistical differences between 
the influents and effluents among bacteria for all treatments. Table 3.7 provides the mean 
and least significant difference (LSD) for each set of data, and the influent versus the effluent 
is compared. The low (<0.05) P>CHISQ values for all four comparisons indicate differences 
between the treatments. Individual treatment results for each comparison will be discussed 
below, and will be compared to graphical results for the means of the replications in the five 
treatments. 
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Figure 3.6. Average number of bacteria, given in cfu/mL for influents and effluents for both 
water and manure applications, for Treatment 1. 
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Figure 3.7. Average number of bacteria, given in cfu/mL for influents and 
effluents for both water and manure applications, for Treatment 2. 
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Treatment 1 (Figure 3.6) bacterial levels are quite high in the manure application, as 
anticipated, and are substantially lower in the water application and the effluents from both 
applications. Comparing this to the statistical differences in Table 3.7, however, shows no 
difference between the influents and effluents, except for the case of fecal strep in the manure 
application. 
Treatment 2 (Figure 3.7) provides similar results to Treatment 1 in that bacterial 
levels are highest in the manure applications, and are substantially lower in the water 
application and effluents. No significant differences are noted between the influent and 
effluent for the E. coli in the water application in Table 3.7. The table also shows that in 
Treatment 2, statistical differences are noted between the influents and effluents for the 
manure application and for fecal strep in the water application. In the E. coli and fecal strep 
manure applications, lower levels are noted in the effluent, however, in the fecal strep water 
application, higher levels are noted in the effluent, possibly indicating the effluent is picking 
up bacteria as it travels through the column. 
The results in Figure 3.8 and 3.9 (Treatments 3 and 4) are similar to those of 
Treatments 1 and 2. In Treatment 3, high levels of bacteria result from the manure 
applications, while lower levels result from the water applications and from the effluents. 
When comparing this information with the data provided in Table 3.7, statistical differences 
are noted in the influents and effluents for all categories except for the fecal strep water 
application. A reduction in bacterial levels is shown in the manure applications, however, an 
increase is seen in the effluent for the E. coli water application. Similar to treatment 2, the 
effluent may be picking up bacteria as it travels through the column. 
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Figure 3.8. Average number of bacteria, given in cfu/mL for influents and 
effluents for both water and manure applications, for Treatment 3. 
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Figure 3.9. Average number of bacteria, given in cfu/mL for influents and 
effluents for both water and manure applications, for Treatment 4. 
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The results from Treatment 4 (Figure 3.9) are also similar to those in other treatments 
in that bacterial levels in the manure application were significantly higher than those in the 
water applications and in the effluents. Table 3.7 shows that in the manure applications, 
statistical differences were noted for both bacteria between the influents and effluents. No 
differences were noted in the water applications, when comparing the influents verses the 
effluents. 
Similar results were again noted in Figure 3.10 for the bacterial levels in Treatment 5. 
High counts of bacteria were noted in the manure applications, while lower bacterial numbers 
were noted in the water application and the effluents from both applications. Statistical 
differences were noted between influents and effluents for bacterial levels in all applications 
except for the E. coli in the water application. The manure application showed a reduction in 
the level of bacteria in the effluent, when compared to the influent, however, this was not the 
case for fecal strep in the water application. Higher levels of bacteria were noted in the 
effluent, indicating that the water has possibly accumulated bacteria as it passed through the 
column. 
The treatment averages for both E coli. and fecal strep in the influents and effluents 
for both water and manure applications are given in Figure 3 .11. The results of this graph 
summarize the individual treatment results. This graph shows elevated levels of bacteria in 
the manure influent and reduced levels in the manure effluent. In the water applications, 
very low bacterial levels are noted in the influent, however, higher levels are noted in the 
effluent, indicating that bacteria has been picked up as the effluent has moved through the 
column. 
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Figure 3.10. Average number of bacteria, given in cfu/mL for in:fluents and 
effluents for both water and manure applications, for Treatment 5. 
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Figure 3.11. Average number of bacteria, given in cfu/mL for influents and 
effluents for both water and manure applications, for all treatments. 
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Table 3.7. Statistical analysis of bacterial levels among the five treatments. 
Means with the same letter are not significantly different. 
E. COLI--MANURE 
P>CHISQ=0.0001 
Treatment 1 Treatment2 Treatment 3 Treatment 4 Treatment 5 
LSD=403.41 LSD=75.75 LSD=51 .60 LSD=l3.37 LSD=l38.91 
Influent 500.0 a 500.0 a 500.0 a 500.0 a 500.0 a 
Effluent 233.3 a 116.7 b 33.3 b 15.l b 188.0 b 
E. COLI-WATER 
P>CHISQ=0.0059 
Treatment 1 Treatment 2 Treatment 3 Treatment4 Treatment 5 
LSD=l73.99 LSD=223.46 LSD=79.95 LSD=54.29 LSD=92.30 
Influent 10.0 a 166.7 a 0.0 b 0.0 a 0.0 a 
Effluent 173.3 a 6.5 a 84.1 a 34.0 a 91.7 a 
FECAL STREP-MANURE 
P>CHISQ=0.0001 
Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 
LSD=92.55 LSD=206.ll LSD=36.12 LSD=112.17 LSD=105.58 
Influent 500.0 a 500.0 a 500.0 a 500.0 a 500.0 a 
Effluent 33.3 b 153.3 b 36.7 b 82.2 b 228.2 b 
FECAL STREP-WATER 
P>CHISQ=0.0001 
Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 
LSD=59.84 LSD=l38.81 LSD=81.32 LSD=84.46 LSD=86.73 
Influent 14.7 a 0.0 b 0.0 a 0.0 a 0.0 b 
Effluent 63.2 a 150.0 a 66.6 a 64.2 a 103.3 a 
No significant overall treatment differences have been noted for nutrient or bacterial 
data. This could indicate that the treatments do not differ, however, it is more probable that 
the differences in such a short-term experiment were not clearly visible. Different types of 
analytical analyses may be necessary in order to detect small, yet significant, differences 
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among treatments. It would be beneficial to perform this experiment as a long-term or field 
study, in order to clarify the results. Presumably, a similar pattern of increased nitrate 
concentrations in the drainage effluent would occur, however, lower levels of arnmonium-N 
and total P reductions would be encountered. Clearly, more research is need on this subject. 
Conclusions 
Ammonium-N and total P levels in the liquid swine manure were significantly 
reduced in all treatments, with most treatments yielding near 99% reductions. These results 
indicate that most of the arnmonium-N has been microbially converted to nitrate-N, resulting 
in elevated nitrate-N effluent values. Total phosphorus was reduced by becoming adsorbed 
in the soil column. This very high level of reduction, however, seems almost too good to be 
true. Only weak statistical differences between the treatment effluents were noted. These 
results most likely occurred because the experiment was performed in such a short period of 
time. The soil columns are uniform, reconstituted soils, which could further explain the 
results. An experiment that persisted over a longer time interval would probably lessen some 
of the reduction values, and make this experiment more credible. 
Nitrate-N concentrations increased in all treatments, when comparing the effluent to 
the influent. No distinct pattern among treatments emerges from the results of this soil 
column study. Few significant statistical differences among treatments were observed. In an 
experiment conducted for a longer period of time, a clear pattern among treatments would 
most likely develop. 
Bacterial levels in all treatments were highest in the manure influent applications, and 
were significantly lower in the water influent application and effluents for both manure and 
water applications. Also discovered in the results was the fact that the water application 
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effluent had a significantly higher level of bacteria than the influent water, indicating that the 
effluent has picked up bacteria as it traveled through the column. This study indicates that for 
the short term, soil columns provide an efficient means of filtering bacteria from waste. 
As a short-term experiment, the results of this experiment are very positive and quite 
satisfactory. If the experiment were to be performed for a longer period of time, such as in 
an actual field situation, the results would become more realistic. A solution to the problem 
of excessive animal waste has not been resolved. In fact, studies such as this may leave 
questions, rather than solid answers. Future studies built on the results of this and similar 
experiments are needed to achieve the goal of a low-cost, yet efficient mechanism for waste 
treatment. 
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CHAPTER 4. GENERAL CONCLUSIONS 
In evaluating the effectiveness of the soil infiltration and wetland treatment system as 
a waste management system, it was found that the main processes that are occurring are 
nitrification in the soil infiltration areas, and denitrification in the wetland areas. In order to 
reduce initial NH4-N concentrations in the manure that enter the wetlands, it is essential that 
direct applications of liquid swine manure be treated with a mechanism such as a soil 
infiltration area. Wetlands are capable of converting initial N~-N to N03-N through a 
limited aerobic zone. It is, however, important to note that the conversion of a large amount 
ofN~-N to this extent would not be possible with only wetlands. The N~-N 
concentrations in the infiltration influent would be toxic to wetland plants. 
Phosphorus adsorption occurs in both the soil infiltration and wetland areas. 
Phosphorus does accumulate in the soil, which may cause future problems once the soils 
become saturated with phosphorus. This may be the reason for increased phosphorus levels 
exiting the wetlands over time and for the increasing trend of phosphorus levels in the 
infiltration effluent over time. Total P reductions in 1999 were found to be greater than 1998 
in the infiltration areas, which may be due to the fact that more sites were initially available 
for adsorption. 
Statistical analysis results confirm that there are differences among the three 
treatments for the N~-N, N03-N, and total P. The phosphorus, potassium, nitrogen, pH, and 
organic matter levels in the soil also exhibited significant statistical differences among the 
three treatments, and especially between the two sampling dates. Statistical analyses 
performed on bacterial levels showed few differences between the influents and effluents for 
the soil infiltration and wetland system. 
110 
The results of this study clearly show that a soil infiltration and wetland system will 
perform well for the treatment of liquid swine manure. Swine manure can be applied to a 
wetland treatment system if it is first treated using a soil infiltration area. In doing this, N~­
N, N03-N, and total P levels could be decreased by anywhere from 81 %-99%. Future studies 
and more research will provide us with better answers to make specific and final conclusions. 
Until then, current research looks very favorable and the results reassure us that wetlands are 
an excellent resource, and have a great potential to provide us with a technique for waste 
management. 
The experiment consisting of land treatment through the use of soil columns resulted 
in ammonium-N and total P levels in the liquid swine manure that were significantly reduced 
in all treatments, with most treatments yielding near 99% reductions. These results indicate 
that the ammonium-N has been microbially converted to nitrate-N, resulting in elevated 
nitrate effluent values. Total phosphorus has been reduced by becoming adsorbed in the soil 
column. This very high level of reduction, however, seems almost too good to be true. Only 
small statistical differences between the treatment effluents were noted. These results most 
likely occurred because the experiment was performed in such a short period of time. The 
soil columns are uniform, reconstituted soils, which could further explain the results. An 
experiment that persisted over a longer time interval would probably lessen some of the 
reduction values, and make this experiment more credible. 
Nitrate-N values were increased in all treatments, when comparing the effluent to the 
influent. No distinct pattern among treatments emerges from the results of this soil column 
study. Few significant statistical differences among treatments were observed. In an 
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experiment conducted for a longer period of time, a clear pattern among treatments would 
most likely develop. 
Bacterial levels in all treatments were highest in the manure influent applications, and 
were significantly lower in the water influent application and effluents for both manure and 
water applications. Also discovered in the results was the fact that the water application 
effluent had a significantly higher level of bacteria than the influent water, indicating that the 
effluent has picked up bacteria as it traveled through the column. This study indicates that for 
the short term, soil columns provide an efficient means of filtering bacteria from waste. 
As a short-term experiment, the results ofthis experiment are very positive and quite 
satisfactory. If the experiment were to be performed for a longer period oftime, such as in 
an actual field situation, the results would become more realistic. A solution to the problem 
of excessive animal waste has not been resolved. In fact, studies such as this may leave 
questions, rather than solid answers. Future studies built on the results of this and similar 
~xperiments are needed to achieve the goal of a low-cost, yet efficient mechanism for waste 
treatment. 
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APPENDIX 
Statistical Analysis Results for Soil Nitrogen, Phosphorus, Potassium, pH, and Organic 
Matter Concentrations in the Soil Infiltration and Wetland Treatment System 
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Table 1. Statistical analysis of the first soil sampling date (Day 1). The treatment data are 
compared, and means with the same letter are not significantly different. 
Manure 
3/4 Manure 
Water 
Manure 
3/4 Manure 
Water 
Manure 
3/4 Manure 
Water 
Manure 
3/4 Manure 
Water 
Manure 
3/4 Manure 
Water 
Phosphorus concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=19 LSD=82.127 
861.33 a 384.00 a 
442.67 b 250.67 b 
19.67 c 17.33 c 
Potassium concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=205.96 LSD=60.629 
474.17a 
508.17 a 
114.83 b 
662.67 a 
508.33 b 
104.67 c 
Nitrogen concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=67.574 LSD=44.6 
99.65 a 92.11 a 
140.83 a 56.27 a 
7.29 b 2.89 b 
pH 
Soil 0-10 cm 
LSD=0.2093 
5.82 b 
5.62 b 
7.79 a 
Organic Matter (%) 
Soil 10-20 cm 
LSD=0.1009 
5.73 b 
5.78 b 
7.87a 
Soil 0-10 cm Soil 10-20 cm 
LSD=0.8129 LSD=0.8009 
7.12 a 6.80 a 
6.08 b 6.40 ab 
5.88 b 5.97 b 
Wetland 
LSD=3.7241 
3.33 a 
6.33a 
5.08a 
Wetland 
LSD=27.273 
101.33 a 
101.50a 
82.83 a 
Wetland 
LSD=0.4351 
0.50a 
0.50a 
0.75a 
Wetland 
LSD=0.1219 
7.93a 
7.80 b 
7.98a 
Wetland 
LSD=1.0823 
4.12 b 
5.45 a 
5.30a 
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Table 2. Statistical analysis of the second soil sampling date (Day 2). The treatment data are 
compared, and means with the same letter are not significantly different. 
Manure 
3/4 Manure 
Water 
Manure 
3/4 Manure 
Water 
Manure 
314 Manure 
Water 
Manure 
314 Manure 
Water 
Manure 
3/4 Manure 
Water 
Phosphorus concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=233.81 LSD=133.01 
936.00 b 405.33 a 
478.70 a 362.00 a 
27.50 c 20.50 b 
Potassium concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=158.88 LSD=114.34 
1891.67a 
1466.67 b 
170.50 c 
1895.00 a 
1265.00 b 
141.50c 
Nitrogen concentration (ppm 
Soil 0-1 O cm Soil 10-20 cm 
LSD=29.341 LSD=30.915 
9.69 b 5.68 b 
57.42 a 
0.53 b 
pH 
79.73 a 
0.50 b 
Soil 0-10 cm Soil 10-20 cm 
LSD=0.2347 LSD=0.2529 
7.70 a 7.82 a 
6.73 b 6.54 b 
7.69 a 7.78 a 
Organic Matter(%) 
Soil 0-10 cm Soil 10-20 cm 
LSD=2.1974 LSD=1.3848 
8.27 a 
9.67 a 
5.10 b 
6.63a 
7.02a 
6.23a 
Wetland 
LSD=26.67 
5.83 b 
34.50 a 
2.75 b 
Wetland 
LSD=147.9 
235.17 ab 
382.67 a 
151.83b 
Wetland 
LSD=1.7806 
3.52 a 
0.56 b 
0.50b 
Wetland 
LSD=0.1194 
7.99a 
7.94a 
7.89a 
Wetland 
LSD=2.3579 
7.70a 
6.78a 
8.40 a 
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Table 3. Statistical analysis of the full rate treatment. The sampling dates are 
compared, and means with the same letter are not significantly different. 
Day 1 
Day 2 
Day 1 
Day 2 
Day 1 
Day2 
Day 1 
Day2 
Day 1 
Day2 
Phosphorus concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=317.37 LSD=140.1 
861.30 a 384.00 a 
478.70 b 405.33 a 
Potassium concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=314.06 LSD=104.88 
474.20 b 662.67 b 
1891.70 a 1895.00 a 
Nitrogen concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=78.369 LSD=53. 722 
99.65 a 92.11 a 
9.69 b 5.68 b 
pH 
Soil 0-10 cm Soil 10-20 cm 
LSD=0.2007 
5.82 b 
7.70a 
Organic Matter(%) 
LSD=0.1129 
5.73 b 
7.82 a 
Soil 0-10 cm Soil 10-20 cm 
LSD=2.2452 LSD=0.6449 
7.12 a 
8.27 a 
6.80a 
6.63 a 
Wetland 
LSD=3.3954 
3.33 a 
5.83 a 
Wetland 
LSD=77.078 
101 .33 b 
235.17 a 
Wetland 
LSD=2.276 
0.50 b 
3.52 a 
Wetland 
LSD=0.1655 
7.93a 
7.99a 
Wetland 
LSD=2.4397 
4.12 b 
7.70a 
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Table 4. Statistical analysis of the% rate treatment. The sampling dates are 
compared, and means with the same letter are not significantly different. 
Day 1 
Day 2 
Day 1 
Day2 
Day 1 
Day2 
Day 1 
Day2 
Day 1 
Day2 
Phosphorus concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=226.49 LSD=142.87 
442.70 b 250.67 a 
936.00 a 362.00 a 
Potassium concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=109.73 LSD=128.05 
508.17 b 508.33 b 
1466.67 a 1265.00 a 
Nitrogen concentration (ppm) 
Soil 0-1 O cm Soil 10-20 cm 
LSD=52.297 LSD=44.049 
140.83 a 
57.42 b 
pH 
Soil 0-10 cm 
LSD=0.275 
5.62 b 
6.73a 
56.27 a 
79.73 a 
Soil 10-20 cm 
LSD=0.3179 
5.78 b 
6.54a 
Organic Matter (%) 
Soil 0-10 cm Soil 10-20 cm 
LSD=1.6823 LSD=1.0201 
6.08 b 6.40 a 
9.67 a 7.02 a 
Wetland 
LSD=34.013 
6.33a 
34.50 a 
Wetland 
LSD=171 .81 
101.50b 
382.67 a 
Wetland 
LSD=0.13 
0.50a 
0.56a 
Wetland 
LSD=0.1129 
7.80 b 
7.94a 
Wetland 
LSD=1.5439 
5.45 a 
6.78a 
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Table 5. Statistical analysis of the water treatment. The sampling dates are 
compared, and means with the same letter are not significantly different. 
Day 1 
Day 2 
Day 1 
Day2 
Day 1 
Day2 
Day 1 
Day2 
Day 1 
Day 2 
Phosphorus concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=6.9375 LSD=3.7468 
19.67 b 17.33 a 
27.50 a 20.50 a 
Potassium concentration (ppm) 
Soil 0-10 cm Soil 10-20 cm 
LSD=15.417 LSD=7.5322 
114.833 b 104.67 b 
170.5 a 141.50a 
Nitrogen concentration (ppm) 
Soil 0-1 O cm Soil 10-20 cm 
LSD=4.3879 LSD=0.9336 
7.29 a 
0.53 b 
pH 
Soil 0-10 cm 
LSD=0.2149 
7.79a 
7.69 a 
2.89a 
0.50 b 
Soil 10-20 cm 
LSD=0.0879 
7.87 a 
7.78a 
Organic Matter(%) 
Soil 0-10 cm Soil 10-20 cm 
LSD=1.0615 LSD=1.6548 
5.88 a 5.97 a 
5.10 a 6.23 a 
Wetland 
LSD=4.4948 
5.08 a 
2.75a 
Wetland 
LSD=40.196 
82.83 b 
151.83 a 
Wetland 
LSD=0.557 
0.75 a 
0.50 a 
Wetland 
LSD=0.0871 
7.98 a 
7.89a 
Wetland 
LSD=1.6424 
5.30 b 
8.40 a 
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